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URANIUM-BEARING COAL IN THE EASTERN PART OF THE
RED DESERT AREA, 

GREAT DIVIDE BASIN, SWEETWATER COUNTY, WYOMING

By Harold Masursky

ABSTRACT

Uranium-^bearing coal underlies approximately 300 square miles 

of the Red Desert, in the east-central part of the Great Divide Basin, a 

large topographic and structural basin of interior drainage along the Con 

tinental Divide in south-central Wyoming.

The coal-bearing rocks were cyclically deposited in swamps mar 

ginal to the lakes formed in Green River time and are interbedded with 

coarse-grained, fluviatile arkose of the Wasatch formation to the north 

east and organic, lacustrine shale of the Green River formation to the 

sjouthwest. The coal-bearing sequence is about 700 feet thick and is of 

early,Eocene age. The axis of maximum coal deposition trends northwest; 

the coal beds are lenticular and grade into shale in the east and west. The 

strata are inclined at angles of one to two degrees so that the outcropping 

coal beds, which are as much as 40 feet thick, are potentially strippable 

over large areas.

The highest concentrations of uranium are localized in the carbo 

naceous rocks unconformably overlain by gravels of possible Miocene age 

as at Creston Ridge, where the uppermost coal bed contains as much as 

0. 051 percent uranium near the top of the bed, whereas a coal bed 40 feet 

lower contains less than 0. 001 percent.
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Widespread lower concentrations of uranium in the coal, aver 

aging about 0. 003 percent, are apparently related to the permeability of 

the rocks enclosing the coal beds. The uranium content of the coal beds 

increases toward the northeast as the lithofacies change and become 

coarser-grained and more permeable. In the cyclically deposited se 

quence several coal beds in vertical succession are enriched in uranium 

adjacent to the intercalated beds of coarse-grained sandstone which gen 

erally underlie the coals. The close relationship between the uranium 

content of the coal and the permeability of the surrounding rocks indi 

cates that the uranium was probably epigenetically emplaced.

Gallium, germanium, iron, molybdenum, Iead9 vanadium, and 

the rare earths have a distribution parallel to that of uranium in the car 

bonaceous rocksj according to semiquantitative spectrographic analyses, 

and may have been similarly emplaced.

Three possible modes of origin for the uranium and other trace 

elements,, partially supported by available evidence, are: 1) derivation 

from hydrothermal solutions rising along faults; 2) leaching from the 

Sweetwater granite during its weathering and erosion; 3) leaching from 

the overlying tuff ace ous rocks.

Laboratory experiments on the solubility of uranium demonstrate 

that coal of the Great Divide Basin will extract uranium effectively from 

natural waters. Investigation of the sedimentary rocks included studies 

of mineralogic composition, grain size and shape, and porosity and per 

meability.



12

Reserves of coal and uranium were calculated for the nine prin 

cipal coal beds, which range in thickness from a few inches to 42 feet

and average about 7 feet. Reserve estimates are based on uranium$

analyses of 1,700 core and auger samples and 500 surface samples ob 

tained in 60 core holes, 140 auger holes, and 79 surface sections. About 

24 thousand short tons of uranium 4*- contained in 690 million short tons 

of coal at a grade of 0. 003 percent uranium or more. An additional 1,600 

million tons of measured and indicated coal contains less than 0. 003 per 

cent uranium. Twenty percent of the estimated coal is potentially strip- 

pable.

In Battle Spring Flat, the area of highest uranium concentration, 

the Sourdough No. 2 bed averages 2. 8 feet in thickness, underlies 428 

acres, and contains 2 million tons of coal with an average uranium con 

tent of 0. 010 percent and 0. 030 percent in the coal ash. Locally, thin 

splits of this bed contain as much as 0. 047 percent uranium and 0.140 

percent uranium in the coal ash. The 103 proximate and 16 ultimate 

analyses of core show that the coal contains an average of about 16 per 

cent ash, 2.5 percent sulfur, and 21 percent moisture and has an aver-

** _

age heating value of about 7900 B.t.u. on an as-received basi«.«. The 

coal is subbituminous B in rank.
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Re salts of the investigation indicate that the large reserves of 

coal in the Red Desert are of interest primarily as a fuel resource and 

that uranium probably can be produced only as a byproduct. However, 

thin carbonaceous shale in the coarse-grained clastic facies to the north 

east of the principal coal area may be the site of higher grade uranium 

deposits similar to those at Crooks Gap.

INTRODUCTION

A program of geological mapping and exploratory core drilling 

was carried out from 1951 to 1953 by the U. S. Geological Survey on 

behalf of the Division of Raw Materials of the U. S. Atomic Energy Com 

mission to determine the area! distribution, thickness, and uranium 

content of coal in the eastern part of the Red Desert area, Sweetwater 

County, Wyo. Results of the field and laboratory studies of the distri 

bution of uranium and other trace metals and hypotheses concerning the 

origin and mode of emplacement of the trace elements in the coal are 

presented in this report.

Geography

The area investigated includes about 300 square miles in the 

eastern part of the Red Desert, a loosely defined area surrounding the 

Red Desert playa which lies in the east-central part of the Great Divide 

Basin. The Great Divide Basin is an area of internal drainage along 

the Continental Divide with an altitude ranging from 6,500 to 7,200 feet.



14

It is boanded on the north by the Green Mountains, on the east by the 

Rawlins uplift, on the west by the Rock Springs uplift, and on the south 

by the Laney Rim of the Washakie Basin (figs. 1 and 2). The sparse 

rainfall supports scattered vegetation of sagebrush, greasewood, and 

rabbit brush. All streams and lakes within the area are intermittent. 

Wamsutter (population about 100) is on the Union Pacific Railroad and 

the Lincoln Highway (U. S. 30) which cross the southern part of the area. 

Numerous graded dirt roads and trails make most of the area easily 

accessible by automobile. Sheep grazing is the only local industry.

Field and laboratory work and acknowledgments 

Field work was done in the eastern Red Desert area from 1951 

to 1953. Geologic mapping and sampling of coal outcrops were carried 

out during the summer of 1951; the following two field seasons were 

spent primarily in core and auger drilling. The geology, drill hole lo 

cations, and section corners were plotted on aerial photographs at a 

scale of about 1:48,000, and the data subsequently were compiled on a 

base map prepared from township plats of the Bureau of Land Manage 

ment. Sixty core holes, 140 power auger holes, and 79 surface sections 

were dug and sampled during the course of the field work. J. R. Pierson, 

Jr. assisted during the summer of 1952, H. D. Gower and G. W. Moore 

assisted during the core drilling in the fall of 1952, and Gower continued 

work on compilation of data during part of the winter of 1952-1953. 

J. G. Stephens and R. F. Gantnier assisted during 1953-54, both in the 

field and in the office compiling drilling data. R. L. Sutton assisted
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during part of 1953-54. J. H, Sindelar drilled and logged power auger 

holes during the summers of 1952 and 1953. J. M. Schopf processed 

coal cores and provided detailed descriptions of the coal from 21 drill 

holes. The core drilling was done by a private company under contract 

to the Geological Survey.

Chemical, spectrographic, and sedimentation work was done 

in the U. S. Geological Survey laboratories. Fuel analyses of coal and 

oil shale assays were made by the U. S. Bureau of Mines. R. F.Gantnier 

was responsible for the sedimentation studies; Wayne Mountj,oy performed 

the chemical work on the leaching and extraction of uranium.

Thanks are due to Raymond Laraen f or making available the 

facilities of his ranch during the course of the field investigation.

Previous work

Early geological exploration in the south-central Wyoming area 

was carried out by Hayden (1869, 1883), Powell (1876), and King (1878). 

The most detailed published report on the area is Smith's study (1909) 

of the eastern Ore;at Divide Basin coal field, which was part of a pro 

gram to classify coal lands of the Rocky Mountain area. Geologic in 

vestigations in adjacent coal fields were made by Veatch (1907), Schaltz 

(1909), Ball (1909), and Ball and Stebinger (1910).
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Oil shale occurrences were investigated by Sears and Bradley 

(1925) and Bradley (1926; 1931; 1945; 1948). Contributions on the oil and 

gas possibilities of the surrounding area have been made by Schultz (192Q), 

Fath and Moulton (1924), Dobbin and others (1928), Pott and DeVore (1951), 

Helmke (1951), and Kr am pert (1951). Stratigraphic and structural studies 

have been made by Bauer (1934), Nace (1939), and Knight (1951).

Uranium was discovered about 1935 at Lost Creek in the northern 

part of the Great Divide Basin by a local prospector, the late Mrs. Minnie 

McGormick. The uranium mineral, now known as schroeckingerite, was 

described by Larsen (1937). Uranium-bear ing coal was discovered in the 

Great Divide Basin in 1945 by Slaughter and Nelson (1946) and was further 

investigated by Wyant, Sharp, and Sheridan (1951). An airborne radio 

activity reconnaissance was made by Nelson, Sharp, and Stead (1951). De 

tailed studies of the Lost Creek schroeckingerite deposits were made by 

Sheridan, Collier, and Sears (1952), and Sheridan, Maxwell, and Collier 

(1956). Preliminary reports have been issued on nearby, recently dis 

covered sands tone-type uranium deposits at Miller Hill (Love, 1953), Gas 

Hills (Love, 1954), and Poison Basin (Vine and Prichard, 1954).

Preliminary results of the present investigation have been sum 

marized in progress reports by Masursky and Pipiringos (1953) and 

Masursky, Pipiringos, arid Gower (1953). A report on the uranium-bear ing 

coal in the area to the west of the eastern Red Desert area is in prepara 

tion by Pipiringos.
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STRATIGRAPHY

The rocks exposed in the eastern Red Desert area are non- 

marine sedimentary deposits. They comprise an older fluviatile, 

lacustrine, and paludal sequence of sandstone, shale, and coal beds, 

overlain locally by younger deposits of alluvium, colluvium, lake 

beds, sand dunes, and gravel on high erosion surfaces. The older 

rocks have an exposed thickness of about 700 feet and are early Eocene 

in age. They are correlated on the basis of age and stratigraphic po 

sition with the upper part of the stratigraphic unit that Sears and 

Bradley (1925) refer to the main body of the Was ate h formation in 

parts of southwestern Wyoming and adjacent states. Some of the 

gravel deposits on high surfaces may belong to the Browns Park 

formation of Miocene age or they may be younger stream terraces. 

Surficial deposits at other places in the eastern Red Desert area are 

Pleistocene or Recent in age.

The main body of the Wasatch formation is the oldest strati~ 

graphic unit in the intertonguing sequence of lacustrine and fluvia 

tile rocks of Eocene age that has an exposed thickness of 6, 000 feet 

in the Great Divide Basin. The higher units in the sequence, in 

ascending order, are: the Tipton tongue of the Green River forma 

tion, the Cathedral Bluffs tongue of the Wasatch formation, and the 

Laney shale and Morrow Creek members of the Green River forma 

tion. Along the northern margin of the Great Divide Basin, the
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Wasatch formation unconformably overlies rocks ranging in age from Paleo- 

cene to Precambrian, and at various places it is overlain by nonmarine 

rocks of the Bridger formation of middle Eocene age and the Continental 

Peak formation of Nace (1939) of late Eocene age, and by deposits of tuf- 

faceous sandstone, shale, and conglomerate that have been referred to 

the White River formation of Granger (Van Houten, 1954) of Oligocene age, 

the Browns Park formation of Miocene age, and the North Park formation 

of Pliocene age.

A generalized section of the rocks exposed in the Great Divide 

Basin is shown by table !„ The stratigraphic relation of the coal-bearing 

rocks in the eastern Red Desert area with coal-bearing rocks exposed in 

adjacent areas is shown by figure 3. The distribution of the various map 

units in the eastern Red Desert area is shown by the geologic map(fig 0 4).

Tertiary system

Fort Union formation (Paleocene)

The Fort Union formation of Paleocene age is not exposed in the 

mapped area but underlies the area according to information from oil 

test wells. The formation crops out to the north at Bison Basin and east 

along the Rawlins uplift where its contained coal beds are locally uranium- 

be aringo The Fort Union formation was named for exposures at old Fort 

Union, now Buford, near the mouth of the Yellows tone River in North 

Dakota by Meek and Hayden (1861, p. 433). These strata were variously 

termed "Undifferentlated Tertiary" in the Great Divide Basin (Smith, 1909,
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p. 224), "Upper jLaramie" (Ball and Stebin&er, 1910, p. 193), and "Poat- 

Laramie" (Gale, 1909, p. 289), and were separated from the "Laramie11 

rocks of Cretaceous age because they contained fossils now recognized as 

Paleocene in age. In the Great Divide Basin these rocks rest uneonform- 

ably on the older units and are in turn unconformably overlain by younger 

rocks at the adjacent uplifts. In the central part of the basin subsurface 

data indicate that the Fort Union formation is conformable with adjacent 

fdrinations and is relatively persistent in thickness and character.

Although the Fort Union formation is difficult to distinguish from 

the underlying Lance formation of Late Cretaceous age in many places, 

both Smith {1909) and Ball (1909) reported that in the Great Divide Basin 

the basal unit of the Fort Union formation is massive sandstone, cross- 

bedded, ferruginous, and conglomeratic in places. In the South Baggs 

Govt. No. 1 well (J. Ray McDermott) 44 miles south of Wamsutter in 

C NE 1/4 NW 1/4 sec. 9, T, 12 N. , R. 92 W., a comparable sandstone 

forms the basal unit of the Fort Union formation which is 1, 060 feet thick 

(Wayne Chisholm, oral communication). The Fort Union is overlain by 

coarse-grained arkose of the Wasatch formation. In the U. S. Govt. 

Jenson No. 1 well (Oil Company of America) 32 miles north of Wamsutter 

in SW 1/4 SW 1/4 SW 1/4 s«c. 7, T. 25 N. , R. 94 W. , similar units are 

identifiable in the sample and electric logs; the Fort Union formation is 

1, 055 feet in thickness.
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Exposures of the uppermost 300 feet of the Fort Union formation 

were examined at three localities in the Great Divide Basin. At Crooks 

Gap and at Bison Basin in Fremont County, from 12 to 24 miles north 

of the mapped area, the Fort Union formation is unconformably overlain 

by arkose and boulder conglomerate of the Wasatch formation of early 

Eocene age. The upper beds of the Fort Union formation here consist of 

gray slltstone and shale which is variegated in places, impure coal beds, 

ferruginous sandstone containing many plant fossils, clay ironstone, and 

pebble conglomerate with many fragments of chert and porcellanite.

A collection of vertebrate fossils from the upper part of the Fort 

Union formation along the south rim of Bison Basin in Fremont County 

(sec. 27, T. 27 N, , R. 95 W. ) was examined by G. L. Gazin of the U.S. 

National Museum and determined to be of late Paleocene age.

North of Riner station on the Union Pacific Railroad (sec. 25, 

T. £1 N. , R. 90 W. ) about 9 miles east of the mapped area, coal-bearing 

rocks of the Wasatch formation d is conformably overlie the drab, coal- 

bearing rocks of the Fort Union formation. The basal unit of the Wasatch 

formation is a bed of coarse-grained white homogeneous arkose 20 to 30 

feet in thickness. This arkose, which weathers into beehive-shaped masses, 

can be traced northward toward the Green Mountains into a boulder con 

glomerate -- a relationship noted by.Smith (1909, p. 234). These rocks 

were designated by Smith as Undifferentiated Tertiary but were considered 

to be of Fort Union age on the basis of plant fossil determinations (Smith, 

1909, p. 233).
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The coal beds of the Fort Union in these localities were thin, im 

pure, and not significantly uranium-bear ing with the exception of the upper 

most beds in the Bison Basin area. This occurrence will be described in 

the section on uranium deposits.

Wasatch formation (Eocene)

The main body of the Wasatch formation, as described by Sears 

and Bradley (1925),includes rocks of fluviatile, lacustrine, and paludal 

origin that underlie the Tipton tongue of the Green River formation and 

overlie the Fort Union formation (table 1). These beds correlate with 

the upper part of the Hiawatha member of the Wasatch formation as de 

fined by Nightingale (1930) at Hiawatha Dome about 55 miles southwest of 

the eastern Jfced Desert area. Nightingale, however, apparently included 

rocks equivalent to the Fort Union formation of Paleocene age in the 

lower part of his Hiawatha member.

The rocks mapped as the main body of the Wasatch formation by 

Sears and Bradley extend northeast from the Washakie Basin and underlie 

most of the eastern Red Desert area. The top of this unit is exposed at 

Eagles Nest, about two miles northwest of the map area, where it is in 

contact with the Tipton tongue of the Green River formation. The basal 

contact with the Fort Union formation is exposed 9 miles east of the map 

area. At the Jensen No. 1 well in the Lost Creek area the main body of 

the Wasatch formation is about 3, 500 feet in thickness, and it thins south 

ward to about 2, 000 feet at the South Baggs well. The part of this unit 

exposed in the map area is about 700 feet thick and lies about 500 feet 

stra.i ra. xhicall below ;he base of the Ti. 3ton toi,.. ue.
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Three lithofacies can be recognized and mapped in tjie main 

body of the Wasatch formation in the eastern Red Desert area. These 

are a sandstone facies which crops out in the northeastern part of the 

area, and a coal-bearing facies which crops out in the southwestern part 

and in which a shale facies is locally distinguishable. The three facies 

interfinger complexly along a northwestward trending ^one about 15 

miles wide that crosses the central part of the area. Their stratigraphic 

relations are shown by the restored section (fig. 4), and the inferred 

conditions during deposition by the block diagram ^g- 5).

The sandstone facies consists of buff, cream, and red friable 

coarse-grained arkose; gray to green, poorly sorted sandy claystone and 

siltstone; and a few thin beds of black carbonaceous shale which grade 

laterally to the northeast into green sandy claystone containing pyrite 

nodules (fig. 4), Bedding is irregular and individual units are lenticular,
»

indicating that the facies was probably deposited by aggrading streams 

in a piedmont environment. The more massive beds of arkose commonly 

contain spheroidal concretions cemented with calcium carbonate which 

range from a few inches to six feet in diameter. In places, the sandstone 

is thin-bedded and finely cross-laminated and contains cigar-shaped cal 

careous concretions as much as 50 feet long and six feet in diameter. The 

rocks of the sandstone facies weather to broad flat areas and gentle hills 

mantled by sand dunes derived from the reworking of the arkose. Fossil 

turtle bones are common, but other identifiable fossils were not dis 

covered.
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The sandstone facies of the Wasatch formation, described above, 

grades southwestward into a coal-bearing facies which consists of cream 

to gray silt stone, coal, carbonaceous shale, fossiliferous fine-grained 

sandstone and sandy limestone. Bedding is even and units are relatively 

persistent laterally indicating deposition in a complex environment al 

ternating between flood plain, swamp, and open water (lacustrine) con 

ditions. These rocks weather into rolling hills and flat-topped buttes 

held up by the lime-cemented sandstone beds. Dark patches of sagebrush 

characterize the coal outcrops on the aerial photographs forming a polka 

dot pattern. In contrast the organic shale outcrops show up as smooth 

gray areas due to the cover of low-growing salt sage.

The shale facies of the Wasatch formation consists of beds of 

organic paper shale with some fossiliferous sandstone and siltstone. 

These rocks are interbedded with sandstone, siitstone, and coal which 

make up the coal-bearing facies. The lacustrine shale weathers choco 

late-brown and separates into paper-thin folia. Bradley (1931, p. 8) 

has described similar rocks and called them low-grade oil shale, de 

fining low-grade shale as that yielding less than 10 gallons of oil per ton 

by distillation. The oil yield from the shale in this area is 2.8 gallons 

or less per ton (table 2). Since the oil yield is so small, these rocks are 

called organic shale or paper shale in this report. The lithology and con 

tained fossils of the shale suggest deposition in a lacustrine environment. 

The thicker more persistent beds are shown separately on the geologic 

map, figure 4. The lacustrine rocks, here included in the main body o£the
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Wasatch formation, are thicker and more persistent to the west where 

they have been mapped as tongues of the Green River formation 

(Pipiringos, in preparation).

The following collections of plant fossils from the main body 

of the Wasatch formation were identified and designated as lower Kocene 

by R. W. Brown of the U. S. Geological Survey:

Larsen No. 3 coal bed, map locality 83, sec. 22, T. 21 N,, 

R. 94 W.

Salv mi a preauricalata 
Equisetum sp. 
JUyg odium kaulfussi 
Fie us sp. 
Chaetopteles sp. 
Qsmunda sp. 
Sassafras sp. 
Typha sp. 
Zizyphus sp. 
Alisma sp. 
Insect wings 
Lemna scut at a 
Moss sp.

Sourdough No. 2 coal bed, map Ipcality 19, sec. 34, T. 23 N,, 

R. 94 W.

Anemia sp,
Glyptostrotius dakotensis (Brown)

The following mollusks were collected 32 feet above the Battle 

No*. 3 coal bed from a bed of sandstone capping a small butte in sec. 15, 

T, 22 N., R. 94 W. They were identified by T. C. Ten of the Geological 

Survey and designated as lower Eocene.
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. P* undet. 
Valvata sp. undet.
Viviparus cf. V. paludinaeformis (Hall) 
Goniobasis cf. G. ( tenera (Hall) 
Gyraulus cf. G7"mUitari8 (White)

Intercalated in the lacustrine_ organic shale sequences are a few 

beds of ostracod cocquina, but the species represented are long 

ranging and are not useful for critically dating the rocks.

Following are two detailed core descriptions of equivalent 

stratigraphic sections in the coal-bearing facies and the sandstone 

facies of the main body of the Wasatch formation. The core holes 

are about five miles apart.

Section of part of Battle coal zone, core hole 18, sec. 8, T. 23 N. ,
R. 94 W.

Main body of the Wasatch formation (coal-bearing facies) Feet

Siltstone, greenish gray, laminated 1.4 
Shale, light olive gray, silty clay, calcareous, 

few plant fossils, abundant fragments of 
pelecypods and gastropods 2.2 

Sandstone, greenish gray, medium to coarse
grained, sub angular, clayey 1.1 

Shale, light olive gray, abundant triturated in 
vertebrate fossils 9.5 

Dolomite, light olive gray, clayey, fossiliferous 0.2 
Shale, light olive gray, abundant pelecypods parallel

to bedding 3.0 
Sandstone, light gray, very fine grained, contorted

lamination 0.6 
Shale, light gray, fossiliferous 1.7 
Shale, carbonaceous, coaly streaks 0.3 
Goal, clean, vitrain, conchoidal fracture 0.9 
Coal, impure 0.4 
Goal, clean, pyrite 0.2 
Goal, shaly, impure, pyrite 0.7 
Goal, clean, laminated, cleated, pyrite 0.7 
Goal, clean 2.4 
Shale, coaly streaks 0.2 
Goal, clean, banded 1.1
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Main body of the Wasatch formation (coal-bearing facies) Feet 
-- continued

Shale, carbonaceous 1.2
Coal, clean 0.6
Shale, carbonaceous 1.0
Coal, clean 0.4
Shale, c arb onac e o us, clay pe lists 0.3
Coal, clean 2. 0
Claystone, dark gray, siickensided 0.2
Core loss 0. 8
Claystone, siickensided 0.4
Coal, laminated 0.3
Shale, c arbonac e ou s 0.4
Shale, clay, plant fossils 1.0
Coal, clean 0.5
Shale, carbonaceous 1.1
Coal, laminated 0.2
Claystone, siickensided 0*4
Coal, clean 1. 0
Shale, c arb onac e ou s 0. 8
Coal, clean 1.5
Claystone, gray, siickensided 0.2
Core loss 0,4 
Coal, clean, friable, carbonaceous shale partings 1.7
Shale, carbonaceous 0.3
Coal, clean 2.2
Shale, carbonaceous 0.4
Siltstone, light gray 1.0
Claystone, gray * 1-2
Siltstone, gray, laminated 0.. 7

Total 48.8
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Section sf part of latexal equivalent of Battle coal zone, core hole 26,
sec. 16, T. 24 N. , R. 94 W.

Main body of the Wasatch formation (sandstone facies) Feet

Sandstone, dark greenish gray, fine to coarse grained,
poorly sorted, subangular 3.0

Claystone,, dark greenish gray, slickensided 1.3
Sandstone, buff, coarse to very coarse grained, granular,

clayey, subangular to subround, arkosic 2.6
Sandstone, medium light gray, fine to very fine grained,

clayey, micaceous, friable 6.6
Claystone, dark greenish gray, slickensided 0.7
Sandstone, light gray, fine grained, well sorted,

angular, calcareous, micaceous 2. 0
Siltstone, greenish gray, sandy 1.0
Sandstone, light gray, fine grained, angular, well

sorted, laminated, micaceous 5.5
Siltstone, dark gray, fossil plant fragments 0.5
Sandstone, medium light gray, finegrained, micaceous 5.2
Sandstone, light gray, coarse to very coarse grained,

granules, clayey, micaceous 4. 1
Sandstone, light gray, fine to medium grained, cal 

careous, micaceous 2.2
Sandstone, medium light gray, coarse to very coarse 

grained, few carbonaceous streaks, micaceous, 
arkosic 10.4

Total 45.1
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Cyclic sedimentation. --The outstanding characteristic of the

coal-bearing facies of the main body of the Waftatch formation in the Red 

Desert is the rhythmic repetition of similar lithologies in vertical se 

quence. The cyclic nature of the deposits (1) complicates the correla 

tion of coal beds and therefore the estimation of coal reserves, and (2) 

acted as one of the controls for the distribution of uranium in the coal. 

An early description of this type of rhythmic sedimentation was by tJdden 

(1912, p. 47), who recognized that the coal measures of Pennsylvanian 

age in Illinois were cyclically deposited. Wanless and Weller {1932, 

p. 1003) proposed the term cyclothem for the beds deposited during each 

of these sedimentary cycles. Moore {1935) applied the term megacyclo- 

them to the complex sedimentary deposits in the Pennsylvania rocks of 

Kansas, which consist of several cyclothems occurring in a definite pat 

tern,

A comparison between the cyclic deposits of the Red Desert and 

those of Kansas (Moore, 1935) is shown in figure 6. The ideal Red Desert 

cyclothem is one in which the lithologic units in ascending order are: 

sandstone, siltstone, claystone, coal, paper shale, coal, siltstone, and 

sandstone. These lithologies represent the transgression of sedimentary 

environments from fluviatile to lacustrine and back to fluviatile. The cyclo 

thems of the Wabaunsee group of Kansas described by Moore represent a 

similar alternation of fluviatile and marine environments. In most of the 

cyclothems observed in the Red Desert the regressive phase (hemicycle) 

of the cycle is suppressed, and the lithologies, in ascending order, are 

sandstone, coal, and shale.
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The cyclothems occur in related groups: in the lower cyclothem 

of a group the most prominent lithology is the initial one -- the sandstone; 

in the upper cyclothem the upper lithology -- the paper shale -- reaches its 

best development. This cycle of cyclothems is similar to Moore's mega- 

cyclothem. In this report the coal beds are grouped into coal zones which 

are equivalent to megacyclothems. The Luman coal zone, considered as

a megacyclothem, is shown in figure 6 and is compared to a megacyclothem
•*

of the Shawnee group of Kansas. The diagrammatic cross section in figure 

6 shows that the intertongued fluviatile, paludal, and lacustrine rocks of 

the Wasatch and Green JRiver formations fit into a similar gross cyclic 

pattern. The influence of the rhythmically deposited sediments on the dis 

tribution of uraiium is discussed in the section on uranium deposits.

Sharp disagreement exists as to whether cyclic deposits are due 

to tectonic control or some other cause. In the Red Desert the cyclical 

sedimentation was apparently due to periodic subsidence of the basin of 

deposition and uplift of the source areas. This mechanism was proposed 

by We Her (1930, 1931) for the coal measures of Pennsylvanian age in Illi 

nois and reaffirmed for European coal measures by Rutten (1952). The 

interbedded boulder conglomerate and arkose of the Wasatch formation at 

the northern margin of the basin suggest that the uplift was intermittent. 

The thick sequence of interbedded fluviatile and lacustrine beds deposited 

in the basin show that the basin remained almost filled with sediment dur 

ing subsidence. Although the initial lacustrine deposits are small and 

patchy, the higher lacustrine beds are very widespread and uniform, indi- 

cati.n-> that most of the basin f. . c • £ ° ' - -^ •-• '•<•
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At places, fluviatile coarse-grained sandstone rests disconform- 

ably on organic shale; commonly the bottom part of the sandstone beds are 

gray, evenly bedded, calcareous, and fossiliferous, suggesting deposition 

in a lacustrine environment. Upward, however, the sandstone generally 

becomes red, cross laminated, and unfossiliferous, indicating a transition 

to a fluviatile environment. The arkose, which contains lacustrine fossils 

in the basal few feet, was evidently deposited rapidly in a shallow lake. 

The upper part of these arkose units are stream channel deposits. This 

sudden influx of sandy material into the lacustrine environment was prob 

ably due to uplift in the source area.

Many European geologists reject the intermittent subsidence hy 

pothesis of Weller to explain the cyclic nature of coal measures. Robertson 

(1948) proposed that rhythmic, intermittent sedimentation can occur in a 

steadily subsiding basin. He stated that the vegetation growing along the 

shore will filter out clastic sediments. When the vegetation is overwhelmed 

by sea water, marine deposits will form on top of the vegetation. The 

greater compaction of the vegetation compared to the clastic rocks will 

allow continued marine deposition in the area of former lagoonal accumu 

lation. The sudden incursion of sea water is due to the breakdown of an off 

shore bar behind which the peat deposits form. The breakdown is caused by 

the inability of the upbuilding of the bar to keep pace with the steady subsi 

dence of the basin. After the breakdown of the bar and deposition of marine 

rocks, clastic sediments build out from the shore across the marine area, 

another bar forms, and vegetation again accumulates behind it. This
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so-called plant-controiled sequence or vegetation compaction during uni 

form subsidence is thought to be taking, place along the Dutch coast today 

and to have been an important factor in the rhythmic deposition in the 

Limburg and Anatolia basins (Van der Heide, 1950).

The evidence for intermittent movement along the thrust faults 

bounding the Great Divide Basin, which, results in the periodic deposition 

of boulder conglomerate, does not seem compatible with a steady Subsi 

dence of the basin floor. Nevertheless the plant controlled sequence may 

have accentuated the cyclic aspect of the sedimentation which was due pri 

marily to intermittent subsidence.

Tertiary or Quaternary system 

Gravel deposits on high surfaces

Deposits of poorly consolidated sandstone and cobble conglom 

erate of questionable age cap flat-topped topographic highs in the south 

eastern part of the area. The deposits are 5 to 20 feet thick, dip about 

60 feet per mile to the east, and lie unconformably upon the essentially 

flat-lying Wasatch formation. The cobbles in the conglomerate are as 

much as four inches in diameter and are composed of granite, chert, 

gray limestone s and red sandstone. These deposits may be the correla 

tive of the basal conglomerate of the Browns Park formation of Miocene 

age.
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Similar conglomerate caps terraces 20 miles to the east of the

map area at the Rawlins uplift and passes under the tuffaceous sandstone 

of the Browns Park formation (J. Barlow, oral communication). In the 

Saratoga basin, southeast of Rawlins, rocks described and referred to 

the Browns I*ark formation by McGrew (1951, p. 56) comprise a basal 

conglomerate up to 100 feet in thickness and an upper sandy unit 750 feet 

in thickness. A mammalian fauna from these beds in the Saratoga area 

is considered to be middle Miocene (Hemingfordian) in age.

Nine miles north of the map area, an east-trending ridge, the 

Cyclone Rim, is held up by a cobble conglomerate up to 50 feet in thick 

ness, which rests unconformably on rocks of middle Eocene age. The 

conglomerate grades upward into coarse-grained sandstone with pipy, 

calcareous concretions, which in turn grades upward into well-sorted, 

medium-grained, tuffaceous sandstone. At some places the sandstone is 

highly calcareous and even bedded; in others, it is marked by large sweep 

ing croas beds, excellent sorting, and rounded, frosted sand grains, prob 

ably indicative of an aeolian origin. Glassy shards in the tuffaceous sand 

stone have an index; of refraction ranging from 1.502 to 1.516. The pink 

ish-gray color and castellate weathering form make it a very distinctive 

unit in outcrop. Hear Split Rock in Fremont County, a collection from a 

fossil locality in these beds is dated as middle Miocene by McGrew (1951, 

p. 56), who correlates the rocks with the Browns Park formation. A dis- 

continuous mantle of this unit, designated the Chadron formation by Nace 

(1939), is traceable for 30 miles westward from the Cyclone Rim to
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Oregon Buttes, where it comprises a thin conglomerate at the base, over 

lain by coarse -grained sandstone with prominent pipy concretions, and a 

few thin interbedded tuffs. The tuff beds are composed almost entirely 

of glass shards with an index of 1.485 to 1.495 (fig. BA).

The tuffaceous rocks just described to the north, east, and 

west of the map area are similar in lithology and fossil content to the 

Browns Park formation of Miocene age as described by Bradley (1936) to 

the south along the south side of the Washakie Basin and at the type local 

ity in Browns Park, Colorado fPowell, 1876). However, the correlation 

of the isolated remnants of conglomerate within the map area with the 

Browns Park formation is uncertain because Oligocene, Pliocene, and 

Pleistocene rock units in the Great Divide Basin also contain conglom 

erate. Until vertebrate fossils are found in the conglomerate at Cres* 

ton Ridge, or a detailed study is made of all the conglomerates to es 

tablish lithologic distinctions, the age of the rocks at Creston Ridge re 

mains in doubt.

Quaternary system

The principal surficial deposits are lacustrine sands and silts 

in the dry lake basins. A maximum thickness of 58 feet of surficial 

lake sediment was observed in drill holes in the northwestern part of 

Battle Spring Flat. In this area the lower 40 to 50 feet of the deposit 

appears to consist of well-sorted, coarse-grained arkose and the upper 

10 to 20 feet of gray silt. The lakes were more extensive during the 

Pleistocene pluvial cycles and entirely filled the shallow depressions,
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for shore features are still visible at the margins. The floors of the dry 

lakes are being dissected by the streams which empty into the centrally 

located playas. Delta-fan deposits marginal to the lake flats are being 

constructed by the principal streams.

Dunes of sand and silt are distributed along the northeast mar 

gins (the leeward side) of the flats. A discontinuous mantle of transverse 

dunes has formed in parts of the area where the bedrock is unconsolida- 

ted coarse-grained arkose. The dunes were formed from the directly 

subjacent material and are now largely fixed by vegetation.

Sedimentation

Studies of size-grade distribution, grain shape, and mineral 

composition were made of the coal-bearing rocks to determine the 

validity of the field descriptions of core, to describe the rocks ac 

curately, and to determine lithologic variations in relation to environ 

ments of deposition. The work on grain size and grain shape was done 

by Robert F. Gantnier. Gantnier and James G. Stephens made the 

mineral identifications.

Grain size

Seventy-two representative lithologic samples were selected 

from twelve core holes for detailed study of grain sizes. Histograms 

showing size-grade distributions are shown in figure 7.
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All grain sisses from small pebbles to clay were founds however, 

most of the clastic particles range ia sisse from medium-grained sand to 

fine*grained silt. Clay sizes are least common; even the lacustrine shale 

consists predominantly of silt-sis&e particles in an organic matrix simitar 

to the Green Eiver shale described by Hunt and others (If54) in the Uinta 

Basin. The siltstone shows the best sorting — several samples contain 

ing from 75 to 100 percent coarse-grained silt sifce particles. The 

coarser-grained rocks are not as well sorted but some arkose contains 

as much as 65 percent very coarse- to coarse-grained sand. The con 

trast between the sisse-grade distribution in a channel sandstone and a 

channel-marginal sandy clay stone is shown inligure 27,

Grain shape

Sphericity and roundness were visually estimated using a bi 

nocular microscope. At least 90 percent of the sand-size grains are

angular to subangular. Sphericity and roundness according to Wadell's

25 
method (Krumbein and Petti John, 1938, p. 295) are -1—• for the quarts,

7W
35 .80

-—— for the feldspar, and = for the hyperathene. The angularity of 
775* -90

the grains suggests a short distance of transport, and this is. .cojifirmed 

by the geologic relations which show that the granite source area lies 

about 25 miles north of the map area. Most of the sand grains have a 

dull luster, but only a few have impact rings, which suggests that the 

dull luster resulted from chemical action rather than abrasion. The 

slightly alkaline nature of the ground water and the presence of fluorine 

shown by the analyses in table 7 may have caused this frosting of the grains
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Mineralogy

Grain counts of 233 sized fractions were made with the binoc 

ular microscope to determine the mineral composition. In the greater 

than 4 mm size fraction feldspar reaches a maximum of 60 percent of 

the sample; in all other size fractions quartz is the dominant mineral, 

amounting to 60 to 80 percent. The feldspars present, in order of de 

creasing abundance, in size fractions greater than 0. 062 mm are: 

microline, albite, orthoclase, oligoclase, perthite, labradorite, and 

andesine. Microcline is the only feldspar present in the greater than 

2 mm size grade and is dominant in the finer size grade a The feldspar 

decreases from the maximum of 60 percent in the very coarse sand size 

to 7 percent in the silt size, whereas the quartz increases roughly in an 

inverse ratio. The average feldspar content ranges from 20 to 30 per 

cent. According toKrynine's (1948, p. 149) classification, the sand 

stone would be called arkose, and the finer grained rock, micaceous - 

chlorite stltstone.

Heavy minerals are more abundant in the finer grain sizes 

than in the coarser grain sizes; they range from about 1. 0 percent in 

the silt size to a trace in the medium sand size. Heavy mineral separa 

tions were made of the fine-grained sand fractions. Less than 0.1 per 

cent heavy minerals precipitated in the bromoform. The specific gravi 

ties of mica and hypersthene, the most abundant of the mafic minerals, 

bracket that of bromoform (2, 87), and they are therefore found in both 

the light and heavy fractions. Minerals in the fine-grained sand fraction 

in order of decreasing abundance are:
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Light fraction Heavy fraction

Quartz Chlorite 
Mic r oc line Hype r sthe ne 
Albite Zircon 
Orthoclase Muscovite 
Oligoclase Brown biotite 
Perthite Black biotite 
JLabradorite Copper-red biotite 
Andesine Tourmaline 
Chlorite . Pyrophyilite 
Muscovite Garnet 
Clinochlore Fyrite 
Selenite Epidote 
Copper-red biotite Hornblende 
Rose quarts Biotite with garnet 
Brown biotite Magnetite 
Black biotite 
Hypersthene 
Pyrite in quartz 
Stllpnomelane

The rocks are locally consolidated by cement of several 

types. The most common cement is calcite which makes up about 2 

to 78 percent of the rocks and averages 6 to 12 percent. The organic 

paper shale is silt-siae detritus cemented with organic matter. 

Pyrite-cemented sandstone concretions are common, and the pyrite 

amounts to as much as 44 percent by weight of the nodules. A pebble 

conglomerate capping Barren Butte 14 miles north of the map area 

was the only silica-cemented rock observed.

Most samples contain only a trace of clay although clay 

amounts to 60 percent of one sample and is abundant in four other 

samples. X-ray determinations (table 3) show that the most common 

clay mineral in both the fluviatile and lacustrine lower Eocene rocks 

is illite (hydromica). Kaolinite is also present, as is a minor amount
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of montmorillonite along the Cyclone Rim, north of the map area. A 

flood of montmorillonite appears in the Morrow Creek member of the 

Green River formation and in the overlying Bridger formation, both of 

middle Eocene age. This occurrence coincides with the initiation of 

volcanism in the Rattlesnake Hills (Carey, 1954) and in the Absaroka 

Mountains (JLove, 1939). The montmorillonite probably originated from 

the decomposition of abundant volcanic material in the middle Eocene 

units. The potassium feldspars are unweathered even under the micro 

scope, whereas the plagioclase is altered. The partially altered plagio- 

clase grains were determined by X-ray analyses to be albite and illite.

Source of sediments

Thin sections of the Sweetwater granite and its associated 

basic dikes which crop out 25 miles north of the map area were examined 

to determine their mineralogic composition for comparison with the sedi 

mentary rocks in the Wasatch formation derived from them. The samples 

were from outcrops of the granite or from boulders blasted in mining and 

were all somewhat weathered. The granite is hypidiomorphic to allotrio- 

morphic granular in texture and has been somewhat sheared as is shown 

by the undulatory extinction in the quartz and by the cataclastic grain 

boundaries (fig. 8 B). Mineralogic composition of the granite is contras 

ted with the arkose by grain counts in thin sections as fallows:
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Figure 8.--Photomicrographs of rock thin sections.

A. Tuff from the Browns Park formation of Miocene
age at Oregon Buttes, Sweetwater County, Wyoming. 
Shards, S, of glass have an index ranging from 1.485 
to 1.495. X 30. Plain light.

B. Sweetwater granite of Precambrian age north of 
Crooks Gap, Fremont County, Wyoming. Micro- 
line, M; albite, Ab; and quartz, Q, are dominant. 
Albite is partially altered to illite (?). X 16. 
Crossed nicols.

C. Arkose from the Wasatch formation of Eocene age 
south of Crooks Gap, Fremont County, Wyoming, 
derived from the Sweetwater granite. Calcite cement, 
C. X 16. Crossed nicols.

9135
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Sweetwater granite Wasatch arkose

Minerals identified percent Minerals identified percent

Mic r oline (inc lading Quar tz 50.7
perthite) 44. 1 Microcline (including

Quartz 29.6 orthoclase) 37.0
Plagioclase (albite) 22.9 Piagioclase (albite) 12.0
Chiorite 1.5 Mafic minerals .3
Biotite . 7
Magnetite . 6
Muscovite .5
Apatite . 1

Total 100.0 100.0

In the granite, phenocrysts of microcline as much as 30 mm in 

diameter are common, and some attain diameters of 50 mm. The albite 

(An^) is riddled with well-defined flakelets of sericite. The biotite is 

partially altered to chlorite. Epidote, zoisite, sphene, leucoxene, and 

allanite are present in small amounts.

The basic dikes were probably basaltic but are so highly altered 

that the original texture and composition are problematical. They now con 

sist principally of chlorite, epidote, and zoisite with minor magnetite and
t 

sphene. The scattered identifiable plagioclase is andesine or labradorite.

Summary of changes from the granitic source rocks to arkosic 

sediments. --Thin sections of the arkose from close to the mountain front 

are distinguishable from the granite only by their non-inter locking texture 

and a pasty matrix surrounding the detrital grains (fig. 8 C). The mineral 

composition is almost the same as the granite except that calcic plagio 

clase feldspars, probably derived from the basic dikes, are present. With 

decrease in grain size feldspars decrease in abundance, albite diminishing 

first, then microcline. Heavy minerals increase in the fine grain sizes.
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Clay minerals are not abundant, the finest grained rocks consisting domi- 

nantly of highly angular quarts and feldspar of silt size.

The clay minerals -- dominant illite with minor kaolinite -» 

would suggest conditions of weathering and erosion in the source area 

similar to those proposed for the North Carolina arkosic "red beds'* of 

Triassic age by Hooks and Ingram (1955). In those deposits the predomi 

nant illite and clays of the montmorlllonite group were derived from 

deeply dissected, partially weathered bedrock and the less abundant kao 

lin from more thoroughly weathered parts of the residual mantle. Bradley 

(1948, p. 641) states that, based on the fossil flora, the average rainfall 

in the Great Divide Basin area during Eocene time may have been 30 to 

40 inches and the average temperature about 65 c F.

Permeability

Permeability studies (table 4) were made to investigate the sus-
» 

pected relationship between the uranium content of the coal and related

carbonaceous materials and the permeability of the associated clastic 

rocks. By use of the graph published by Krumbein and Sloss (1951), per 

meabilities were computed for 22 of the most common lithotypes from 

their grain siz.e distribution. Permeabilities determined in this manner 

range from 390 to 1.5 millidarcies. Aqueous permeabilities of 10 clastic 

rocks and seven coals were determined directly with a permeameter. The 

permeability of these samples ranges from 3, 020 millidarcies for coarse- 

to medium-grained sandstone to 0. 003 millidarcies for silty limestone.
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Table 4. --Permeability and porosity of clastic sediments and coal, 
eastern Red JDesert area, Sweetwater County, Wyoming.

A. Computed average permeabilities of 22 lithotypes—/

Permeability 
Sample description (millidareies)

Coarse- to very coarse-grained sandstone 390

Calcareous, coarse-grained sandstone 253

Medium- to coarse-grained sandstone 148

Fine- to coarse-grained sandstone 87

Calcareous medium- to coarse-grained sandstone 68

Fine- to mediumrgrained sandstone 54

Medium-grained sandstone 50

Fine-grained sandstone, poorly sorted 45

Fine-grained sandstone 22

Silty, fine-grained sandstone 21

Calcareous fine-grained sandstone 16

Silty, very fine- to medium-grained sandstone 14

Silty, very fine-grained sandstone 14

Very fine- to fine-grained sandstone 14

Calcareous sandstone, poorly sorted 12

Calcareous very fine- to fine-grained sandstone 11

Silty, very fine- to line-grained sandstone 8

Very fine-grained sandstone 8

Calcareous, silty, very fine-grained sandstone 6
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A. Computed average pertne abilities of 22 lithotypes—' 
--Continued.

Permeability 
Sample description (rnillidajrcies)

Silty, sandy limestone 6

Calcareous, sandy siltstone 3

Sandy shale 1. 5

\J Values computed from graph in Krumbein and Sloss, 1951, 
R. F. Gantnier, analyst.
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B. Aqueous permeability of clastic sediments and coal-'

Core hole Sample
number interval Sample description 

(feet)

34 1 93 . 9 - 1 94. 3 coarse - to medium-grained sandstone 3 020

57 120.0-120.3 well sorted fine -grained sandstone 13T1

53 59.5-60.1 coarse-grained sandstone 148

17 347.0-347.2 coarse-grained sandstone 121

68 95.5-96.1 calcareous fine -grained sandstone 55

53 198.0-198.7 siltstone 33

71 140.0-140.6 silty clayey medium -grained sandstone 10

V 
34 -^ 152 . 6 - 153 . 0 clayey sUtstone 8

66<-/ 110.0-110.4 calcareous siltstone 0.2

2/ 
S9-7 32.7-33.3 silty limestone 0.003

72^/ 103.a8-103.98 coal 4.93

72 102.65-102.74 coal 1.3

72 103.98-104.07 coal 0.55

72 104.47-104.58 coal 0.38

72 103.77-103.88 coal 0.27

72 100.50-100.63 coal 0.27

72 101.44-101.54 coal 0.022

\J Aqueous perme ability at 68° F determined by Hydrologic Laboratory,
Water He sources Division, U. S. Geological Survey, I . S. Me Queen,
analyst. 

Zj Permeability determined from sample cut parallel to bedding; other
samples of clastic rocks disaggregated and repacked in permeameter
using Johnson shaking table. 

3/ Permeability of coal samples determined by falling head method; all
other samples determined by constant head method.
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C. Porosity and gas permeability of clastic sediments- 

Core Porosity Permeability 
hole Sample interval (percent) (millidarcies) 

number (feet) Sample description 2/ 3/

17 57.0- 57.2 coarse-grained sandstone 22.1 267

34 193.9-194.3 medium- to coarse-grained 26.1 106
sandstone

40 52.0-52,3 medium-grained sandstone 19-3 83

17 22.3- 22.5 fine- to medium -grained 22.1 45.8
sandstone

30 31.0-31.3 silty, medium-grained 19.0 41
sandstone

71 90.1-90.6 fine-grained sandstone 29.0 19.6

26 78.1- 78.3 clayey medium-grained 17.0 19
sandstone

71 75.6- 76.0 silty, fine-grained sand- 13, 0 5
stone

7li/ 75.6- 76.0 silty, fine-grained sand- - 0.9
stone

"\

17 36.0- 36.2 clayey, coarse-grained 7.4 0.9
sandstone

l?i/ 59.4- 59.5 organic shale 15.8 0.1

68 29.0- 29.8 calcareous siltstone - 0.1

4/ 
28-' 116.3-116.5 clayey siltstone 18.8 0.1

I/ Determinations supplied by Petroleum Geology Laboratory, U. S.
Geological Survey, Denver, Colorado, R. F. Gantnier, analyst. 

2_/ Effective porosities determined in gas-extraction porosimeter. 
3/ Gas permeabilities determined in permeameter using compressed

nitrogen. 
4/ Permeability determined perpendicular to bedding; all other samples

determined parallel to bedding.



57

Sfltstone and limestone were consolidated enough to allow a 3/4 inch 

diameter core to be cut for insertion into the permeameter. The other 

clastic rocks were disaggregated and repacked into the permeameter by 

means of a Johnson shaking table. Because the natural rock texture is 

broken down when the rock is crushed, the permeability of the disaggre 

gated samples may not be the same as that of the original sample. Coal 

permeabilities, which range from 4. 93 to 0. 022 millidarcies, were de 

termined by the more sensitive falling head method. Friability, the strong 

tendency to slake, and low permeability make the determinations on the 

coal difficult. The higher permeabilities probably represent transmis 

sion of fluid through dessication cracks.

Porosity and gas permeability of 13 additional clastic rocks are 

given in table 4. Effective porosity was determined with a gas -extraction 

porosimeter and ranges from 7.4 to 29. 0 percent. Gas permeabilities of 

blocks cut from the undisturbed rock were determined in a permeameter 

using compressed nitrogen, and they range from 267 to less than 0. 1 milli 

darcies.

These studies show that the coarse-grained, well-sorted arkose 

is several thousand times as permeable as organic shale and calcareous 

siltstone and that a small amount of clay or calcareous cement will mark 

edly decrease the permeability. The close relation between uranium con 

tent and the permeability of the enclosing sedimentary rocks vertically and 

areally is discussed in the section on distribution of uranium.
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STRUCTURE

The eastern Red Desert area is located in the central part of the 

Great Divide Basin, Which is a stmctiiral as well as topographic basin 

(figs. 1, 2). The Great Divide Basin is separated from the Hanna Basin 

on the east by the Rawlins uplift that extends north from Rawlins, from 

the Wind River Basin on the north by the Green and Granite Mountains, 

from the Green River Basin on the west by the Rock Springs uplift that 

surrounds Rock Springs, and from the Washakie Basin on the south by 

the east-trending Wamsutter arch (fig. 9). The Rawlins and Rock Springs 

uplifts are asymmetric folds with the steep limb on the west. Along the 

northern margin of the basin at the Green Mountains, Precambrian gran 

ite is thrust to the south across overturned Paleozoic rocks. A series of 

en echelon folds in the Mesozoic and Tertiary rocks trend N. 50 W. and 

are truncated by the east-west thrust faults., The folding decreases 

southward and in the map area the strata are nearly flat lying. In gener 

al, the rocks dip about 100 feet per mile except along faults where drag

has produced dips of as much as 25 degrees.
west 

The JLaney Rim (figs. 1, 2), just soutl/of the map area (Bradley,

1945), and the Eagles Nest Rim to the northwest (Masursky, Pipiringos,
\

and Gower, 1953) mark the edges of two basins connected by a shallow 

trough known as the Red Desert syncline (Schultz, 1920, p. 40). (See 

fig. 9. ) The Red Desert syncline flattens and loses identity where it 

crosses the broad, poorly defined east-trending structural high in 

T. 21 N. , named the Wamsutter arch by Schultz (1920, p. 41).
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Structure contours on top of a coal bed. fSourdough Ho. 2) approxi 

mately 500 feet below the base of the Tipton tongue of the Green River 

formation are shown in figure 9. Two 0. S. Geological Survey triangu- 

lation stations, four State highway bench marks, and approximately 150 

elevation stakes, set by transit during a geophysical survey, furnished 

basic vertical control. Elevations of the Sourdough coal bed in core and 

auger holes and on the outcrop were determined by altimeter. Along the 

eastern and western edges of the map area, where the coal beds shale 

out s the contours are less reliable than in the central part.

Two sets of normal faults of small displacement, one trending 

N. 70 E. , the other, N. 45 W. , cut the Wasatch formation. Maximum 

observed displacement on each set of faults is about 70 feet.

Episodes in the Tertiary structural history of the area are:

1. Thrust faulting in early Eocene time. The Wasatch forma 

tion of early Eocene age apparently was derived from the rising 

mass of Precambrian granite involved in the thrust faulting in
4

the Crooks Gap area,

2. Folding in post-middle Eocene and pre-Miocene time. The 

lower and middle Eocene rocks are affected by the gentle fold 

ing which formed the Wamsutter arch, Red Desert syncline, 

and the Washakie and Niland Basins.
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3. Large-scale high angle faulting in post-Miocene or post- 

Pliocene time, fh^ Miocene rocks, which were deposited 

across the eroded edges of the older rocks, are down dropped 

to the north along the east-trending Cyclone Rim fault zone 

(figs. 1,2). Rocks of Miocene and questionable Pliocene 

age are preserved in the large graben north of the Green 

Mountains (figs. 1,2). Post-Pliocene faulting has been re 

ported also in the Saratoga Valley (figs. 1,2) southeast of 

the Red Desert.

4. Small-scale high angle faulting in Pleistocene and Recent 

time. The high-angle faults of small displacement within the 

map area seem to cut Recent alluvium and playa deposits in 

places.

COAL 

Occurrence and distribution

Coal beds occur throughout the 700-foot thickness of the coal- 

bearing facie s of the main body of the Wasatch formation exposed in the 

eastern Red Desert area. The coal was formed in shore marginal 

swamps of the Green River lake that occupied this area intermittently 

during Eocene time (Lake Gosiute of Bradley, 1948, p. 640). The coal 

beds are lenticular, grading into shale in a short distance to the east 

and more gradually to the west. The axis of maximum coal deposition 

trends northwestward and passes between Creston and Latham stations 

on the Union [pacific Railroad along the southern boundary of the area
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;. 4). The axis of maximum coal deposition gradually shifted basin- 

ward (south westward) with the passage of time. The thickest parts of 

the younger coals, therefore, lie southwestward from the thickest parts 

of the older coals. (See fig. 4, restored section. ) The beds range in 

thickness from a few inches to 42 feet and average about 7 feet. They 

have been grouped into seven principal coal zones which have been named, 

from oldest to youngest, Latham, Creston, Hadsell, Larsen, Sourdough, 

Monument, and Battle. The zones contain from two to five coal beds in 

each; the beds are numbered serially starting with Number 1 for the 

oldest bed in each zone. The relative stratigraphic position of the prin 

cipal coal beds and zones is shown graphically by figure 10. An eighth 

coal zone, the JLuman zone, occurs 440 feet stratigraphic ally above the 

Battle coal zone and crops out in the northwestern corner of the mapped 

area.

The thickness and correlation of the principal coal beds pene 

trated in drill holes are shown in figures 11 to 14 and the beds sampled 

in outcrop and auger holes are shown in figures 15 to 19. Each corre-*- 

lation chart shows drill holes or surface sections and auger holes plotted 

in lines from west to east across a tier of townships. Figure 11 shows 

drill holes in Tps. 23 and 24 N. , R. 94 W.; figure 12 shows drill holes 

in T. 22 N. , Rs. 92, 93, and 94 W. ; figure 13 shows drill holes in 

Tps. 21 and 22 N. , Rs. 92, 93, and 94 W. , and so forth. The areal dis 

tribution of the principal coal beds is shown on the geologic map (fig. 4). 

Reserves of coal in each township are shown on bed maps and tables in 

figures 34 to 70 (pages 134-170).
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Description of coal zones

The thickest coal bed in the area, the Creston No. 2 bed, is 42 

feet thick in drill hole 64 (figs. 4, 14). The bed extends for about five 

miles to the west, maintaining a thickness of about 20 feet. Individual 

beds in the other coal zones attain a thickness of 20 feet or more at sev 

eral places in the area. Brief descriptions of the distribution of coal in 

the principal zones follow:

Latham coal zone. -~The stratigraphically lowest coal zone in 

the coal-bearing facies of the main body of the Wasatch formation ex 

posed in the map area is the Latham zone. It crops out in T. 20 N. , 

Rs. 92 and 93 W. near Latham station on the Union Pacific Railroad. As 

exposures are limited, only two surface sections of beds were measured. 

Auger and core holes penetrate the zone in an area extending about six 

miles north of the outcrop. The Latham zone cpmprises five beds of 

coal within a stratigraphic interval of about 120 feet. The correlation 

of the lenticular coal beds depends largely on establishing their strati- 

graphic intervals below the persistent Creston Ho. 2 coal bed. Latham 

No. 3 bed and No. 4 bed were grouped together in calculating reserves. 

Both beds are lenticular but one or the other is present in the drill holes 

penetrating the zone. The maximum* thickness of the coal is about 20 

feet as measured in core hole 49. The combined beds maintain a thick 

ness of 2. 5 feet to 5 feet for an east-west distance of about 12 miles 

along Highway 30. Latham No. 5 coal bed is 5 feet thick in core hole 

62, but is not present in adjacent drill holes. Heating values of coal in 

the Latham zone range from 6,270 to 8,870 B.t.u. (as received).
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) Creston coal zone. --The thick and persistent coal beds of the 

Creston zone overlie the Latham xone and crop out extensively inT. 20 N. , 

Rs. 92 and 93 W. , west of Creston Ridge. The Creston No. 2 bed and 

No. 3 bed were grouped together in calculating reserves. The combined 

coal beds are about 42 feet thick in core hole 64 and maintain a thickness 

of about 20 feet for five miles to the west. To the east the coal passes to 

a few thin beds of carbonaceous shale in a distance of about two miles. In 

core hole 49 five miles north of the outcrop, the Creston No. 2 coal bed 

is 31 feet thick. The Creston No. 2 bed has burned at several places and 

forms prominent, masses of red clinker directly north of Highway 30. 

Heating values of the coal range from 7,310 to 8,710 B.t.u. (as received). 

Separate reserves were calculated for the Creston No. 3 bed underlying 

Creston Ridge as the impure coal has an unusually high uranium content 

at map locality 209.

Hadsell coal zone. --Overlying the Creston zone is the Hadsell 

zone which is exposed near the Hadsell Ran.ch and crops out at places in 

Tps. 20 to 24 N. , Rs. 93 and 94 W. The Hadsell zone comprises four 

coal beds within a stratigraphic interval of 60 to 80 feet. For reserve 

computations the Hadsell No. 1 bed was combined with the No. 2 bed. The 

combined beds are 2. 5 to 5 feet thick in most of T. 21 N. , R. 93 W. , and 

are about 17 feet in thickness in the central part of the township. The 

Hadsell No. 3 bed was combined with the No. 4 bed for computing re 

serves; the combined thickness of these coals is less than 5 feet in the 

southern half of the map area. Beds of impure coal and carbonaceous 

shale correlated with the Hadsell zone crop out locally in the northern
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part of the area and are useful for structural control. Heating values of 

the coal range from 6, 900 to 7,700 B.t. u. (as received).

Larsen coal zone. --The Larsen coal zone is well developed in 

the area directly south of the Larsen Ranch and crops out at many places 

in Tps. 20 and 21 N. , Rs. 93 and 94 W. The zone includes three beds 

within a stratigraphic interval of 60 to 90 feet. There is a thickening of 

the stratigraphic interval including the Larsen zone in the core holes along 

the southern margin of Monument Lake Flat (fig. 1^). The position of the 

thickened stratigraphic section coincides with the axis of maximum coal 

deposition in the overlying Sourdough No. 2 bed. The coal beds are thin 

and impure; only two small areas are underlain by a coal bed more than 

2.5 feet thick. (See map localities 140, 142, 144, and 163, figs. 18, 19). 

The only available heating value for the coal in this zone is 7,760 B.t.u.

.« . , .\as received).

Sourdough coal zone. --The exposure of the Sourdough coal zone 

at Sourdough Butte was the first described uranium-bear ing coal locality 

in the eastern Red Desert area. The Sourdough zone is well exposed at 

many localities and underlies large parts of the southwestern half of the 

map area. Three coal beds are included in the zone in a stratigraphic 

interval of about 30 feet. The Sourdough No. 1 and No. 3 beds are thin, 

impure,, and very local in occurrence. The No. 2 bed is as much as 12 

feet thick along the axis of maximum deposition and thins to the east and 

west. In core holes 11, 14, and 23, in T. 23 N. , R. 94 W. , the strati- 

graphic interval between the Sourdough No. 2 bed and the overlying
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Monument No. 1 bed thins from 45 feet to 10 feet. To the south the Sour 

dough and Monument zones are well developed in core hole 40. Eastward 

from hole 40, however, only one bed is present; it represents the coalesced 

Sourdough and Monument zones. In the southern part of Battle Spring Flat 

the stratigraphic position of the Sourdough zone is occupied by very coarse 

grained cross-laminated arkose. Small fragments of coal lie along the 
\

planes bounding the laminae/ This unit may represent stream channel 

deposits formed during penecontemporaneous erosion of the carbonaceous 

sequence. Heating values of the coal range from 7,010 to 9,040 B.t,u, (as 

received) except in the weathered, near-surface coal which has a value as 

low as 4,440 B.t.u. (as received).

Monument coal zone, --The next higher coal zone is well devel 

oped directly west of Monument Lake Flat and underlies the west-central 

part of the area. The Monument zone comprises two coal beds within a 

stratigraphic interval of about 40 feet. The Monument No. 1 bed is about 

9 feet thick in core hole 11 (sec. 27, T. 23 N. , R. 94 W. ) and extends 

northward for five miles in an elongate mass about three miles wide. The 

Monument No. 1 bed is separated from the overlying No. 2 bed in core 

hole 11 by 11 feet of sandstone and carbonaceous siltstone. To the north 

west the beds coalesce and include more than 20 feet of coal in core hole 

17. The Monument No. 2 bed grades into carbonaceous shale in about 

one mile to the east but persists southward for more than eight miles and 

maintains a thickness of about 11 feet. Carbonaceous shale, correlated 

with the Monument No. 2 bed, is unconformably overlain by conglomerate
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of Miocene(?) age along Greston Ridge north of the microwave station. 

Heating values for the coal range from 6, 970 to 9, 590 B.t. u. (as re 

ceived). Where the bed is weathered the heating value is only 3, 830 

B.t.u. (as received).

Battle coal zone.—The stratigraphically highest coal zone for 

which reserves were calculated is the Battle zone. It is well developed 

along the southwestern margin of Battle Spring Flat and underlies the 

area near triangulation station Divide. The Battle zone comprises four 

beds in a stratigraphic interval of about 90 feet. The Battle No. 1 and 

No. 4 beds are very thin and impure. The Battle No. 2 and No. 3 beds 

were grouped together in calculating reserves. Their combined thick 

ness in core hole 10 is more than 21 feet, but they grade into a thin car 

bonaceous shale a short distance to the northeast in core hole 22. The 

Battle No. 3 bed is about 11 feet thick in core hole 39 and thins to 5 feet 

in a mile to the southwest. To the east it grades to a few thin beds of 

carbonaceous shale in about three miles. Heating values of the coal 

range from 8,100 to 9,750 B.t.u. (as received).

Luman coal zone. --The Luman coal zone lies about 440 feet 

stratigraphically above the Battle zone. An eight-inch diameter core 

of the Luman No. 1 bed from a hole drilled half a mile west of the map 

area was cut for special coal utilization and petrographic investigation. 

The thickness and ash content of the coal from this core are shown in 

figure 23. Reserves of coal in the Luman zone occur west of the map
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area, and they have been reported previously (Masursky, Pipiringos, and 

Gower, 1953), A thin, impure coal bed, tentatively correlated with the 

Luman No. 1 bed crops out in the northwestern corner of the map area^.

Physical and chemical character

The coal in the eastern Red Desert area is black, thick- to thin- 

banded and commonly has conchoidal fracture, vitreous luster, and a 

brown streak. Upon exposure to air it first checks, then slacks to small 

chips. If the coal is dried slowly away from direct sunlight, it will check 

but will not slack. Hand specimens of the coal are relatively coherent two

years after collection. Cleating is moderately 4eveloped, the coal break-
\ 

ing into rectangular blocks approximately 1. 0 by 2.x!*vby 3. 5 inches.

The coal beds are poorly exposed (fig. 20), forming smooth 

slopes except where a resistant cap rock holds up a near-vertical face or 

at blowouts where wind keeps the exposure clean. A truck-mounted power 

auger was used to confirm the presence of coal beds in areas of poor ex 

posure. Cleats and fractures in the coal are commonly filled with gypsum 

/lCaSO4'2Haq7 and jarosite /KFe3 (OH)6 (SQ4k7 Tschermigite /NH4Al(SjO4)2 - 

12H2q7 is associated with the Sourdough No. 2 bed along the south side of 

12 Mile Hole and Monument Lake Flat. Hydrous magnesium sulphate, 

some of which is epsomite ^~MgSCV 7H2O7> and hexahydrite ^/ MgSC>4' 6H2O7» 

is associated with the Latham No. 4 bed near U. S. Highway 30. Pyrite

is commonly found in the cores of unweathered coal. On the outcrop
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the pyrite is generally altered to limonite (hydrous iron oxides) or hema 

tite /"Fe2O|7.

Table 5 lists 103 proximate and 16 ultimate fuel analyses made 

by the U. S. Bureau of Mines on coal from cores. The average "as re 

ceived" heating value is about 7, 900 B. t. u. , average ash content 16 per 

cent, average sulfur content 2.5 percent, and average moisture content 

21 percent. These values vary widely since some of the samples are 

from impure coal beds and others from weathered beds. Calculations 

using the Parr formula (ASTM, 1938) show that the coal is subbituminous 

B in rank.

Technical analyses of coal from cores, made by the U. S. Geo 

logical Survey Washington laboratory and listed in table 6, show that the 

coal yields from 7. 8 to 25. 2 gallons of oil per ton by the Fischer assay 

method.

Preliminary studies indicate that the Red Desert coal is predomi 

nantly attrital (Schopf, oral communication). The lack of carbonized logs, 

the absence of roots in the under clay, and the dominantly attrital character 

of the coal suggest that it formed from vegetation swept into place. Bradley 

(1945) reported a six-foot bed of canneloid coal near Wamsutter. A simi 

lar bed occurs at map locality 192 (Latham No. 4 bed) near U.S. Highway 

30. The coal is unbanded, has a dull luster and low specific gravity, and 

is probably canneloid.
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Weathering

There is a notable decrease in heating value and increase in 

moisture and ash content in the uppermost weathered coal bed compared 

to the underlying unweathered coal. In core hole 51 a bed under 30 feet of 

cover has 4400 B.t, u. , 41.4 percent moisture, and 13.6 percent ash -- all 

on the "as received" basis. In contrast the same bed under 70 feet of cover 

has 8080 B.t. u., 25. 9 percent moisture, and 12.4 percent ash. A similar 

relationship was noted by Gill (1954, p. 29) at Slim Buttes, S. Dak. , in 

comparing the heating values and ash content of lignite from bulldozer pits 

with those of the same beds penetrated in core holes. The we'athering ef 

fect in the Red Desert extends to widely varying depths and seems partly 

dependent upon the permeability of the overlying strata. The lower heating 

value of the near-surface beds decreases the quality of the coal that might 

be mined by stripping.

Clinker

In many places the coal beds are burned, producing prominent 

beds of red clinkers formed from the sintering of the roof rocks. Auger 

holes and core holes indicate that the burning rarely extends more than 

10 feet behind the outcrop. Apparently, the fires were smothered by cav 

ing and collapse of the roof rocks which at most places are poorly consoli 

dated siltstone and sandstone. The clinker is resistant to weathering and 

remains as small ridges flanking many of the best coal outcrops. In a 

few places the upper split of a coal bed above a thick parting has burned, 

leaving the lower split relatively unaltered.
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URANIUM 

Occurrence and distribution

Local concentrations of uranium in the coal and carbonaceous 

shale in the Wasatch formation of the eastern Red Desert area amount to 

as much as 0. 051 percent in the coal and 0. 080 percent in the coal ash. 

Widespread lower concentrations of uranium amount to as much as 0. 020 

percent in the coal and 0.130 in the coal ash but average about 0. 003 per 

cent in the coal and 0. 015 percent in the coal ash. The occurrences and 

distribution of uranium in the principal coal beds penetrated in the drill 

holes are shown in figures 11 to* 14; the uranium content of beds sampled 

at the outcrop is shown in figures 15 to 19. Uranium minerals have not 

been identified in the coal. The uranium is associated with the organic 

fraction of the coal and may occur as an organo-metallic compound or 

complex according to Breger, Deul, and Rubinstein (1955). Although the 

concentration of uranium is too low to make direct recovery feasible, 

uranium might be recovered as a by-product after using the coal as fuel.
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Relation to pre-Miocene( ?) unconformity

The greatest concentrations of uranium are in the topographically 

highest coal beds unconformably overlain by conglomerate of possible 

Miocene age. At Creston Ridge in. the southeastern part of the map area 

an impure coal bed seven feet thick, unconformably overlain by the con 

glomerate, contains as much as 0,051 percent uranium in its upper part; 

whereas a coal bed 40 feet below the unconformity contains less than 

0. 001 percent uranium (fig. 21 A). At Bison Basin s a breached anticline 

20 miles north of the map area s siltstone s claystone 9 and uranium-bear ing 

impure coal of the Fort Union formation of Paleocene age are disconform- 

ably overlain by coarse-grained arkose of the Wasatch formation. Iso 

lated remnants of conglomerate that may be the basal unit of the Browns 

Park formation of Miocene age occur along the south rim of the basin 

near the Wasatch-Fort Union contact. Where the uppermost impure coal 

bed in the Fort Union formation is directly overlain by the conglomerate, 

it contains 0. 056 percent uranium; whereas a coal bed 12 feet stratigraph- 

ically lower contains only 0. 005 percent uranium; and a bed 40 feet lower 

contains 0. 001 percent. These relations suggest the emplacement of the 

uranium by downward migrating solutions.
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Relation to lateral change in lithofacies

Widespread lower concentrations of uranium in coal are related 

to the permeability of the enclosing rocks. In the. central part of the area 

within the coal-bearing facies of the Wasatch formation the coaMs inter - 

bedded with impermeable siltstone and shale and has ,a uranium content of 

about 0. 001 percent. To the northeast where the rocks grade laterally 

into the sandstone facies of the Wasatch formation the coal beds are thin 

and impure and are interbedded with permeable, coarse-grained arkose. 

There the uranium content of the coal increases to about 0. 010 percent. 

Data from six core holes show that the uranium content of the Luman coal 

zone and the average permeability of the twenty feet of strata enclosing the 

coal rise from west to east as the lithofacies change and the rocks become 

coarser-grained (fig. 21B). In this setting the thick pure coal beds, most 

suitable for fuel, contain low concentrations of uranium; whereas at the 

margin of the coal-bear ing facies the coal beds are thin and impure and 

contain higher concentrations of uranium.
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Relation to intercalated permeable beds in the cyclic sequence

Coal beds adjacent to permeable coarse-grained sandstone contain 

the most uranium. As the sandstone usually underlies the coal in the 

cyclothems, the uranium content of the coal is highest at the bottom of 

the bed and decreases irregularly upward (fig. 21 C). A similar pattern 

of distribution of uranium occurs in each of several coal beds in the cyclic 

sequence where the coals are in contact with permeable sandstone (fig.22). 

According to laboratory determinations the aqueous permeability of the 

sandstone underlying the coal is about 390 millidarcies; whereas the per 

meability of the overlying shale is less than 0.1 millidarcy. At many 

places in the Red Desert area several uranium-bearing coal beds, each 

related to a permeable sandstone, can be penetrated in one drill hole. 

This occurrence contrasts with the occurrence at Creston Ridge, which 

is similar to that of the uranium-* be a ring lignite in the Dakotas (Denson, 

Bachman, and Zelier, 1950), where only the uppermost coal bed in a se 

quence overlain by tuffaceous rocks is uranium-bear ing.
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Relation to partings within coal beds

The distribution of uranium within the coal beds is highly irregular, 

The highest uranium content occurs in impure coal layers adjacent to part 

ings or layers of high ash content (fig. 23 - sample nos. 24 and 41). The 

lowest content occurs in the central part of pure coal intervals (fig. 23 - 

sample nos. 16 and 46). The aqueous permeability of the high ash layers 

amounts to about 0.3 millidarcy; the permeability of the pure coal layers 

is less than 0. 1 millidarcy. The uranium content of the pure coal layers 

(0. 001 percent) may represent an approximation of the original or syngen- 

etically emplaced uranium. The impure coal layers of higher uranium 

content (0. 020 percent) reflect the addition of uranium due to their more 

favorable location with respect to permeable layers and to the easier per 

meation of the impure coal by the uranium.

The irregular distribution of the uranium may be due partly to the 

differing capacity of the coal layers to take up uranium. J. M. Schopf 

(written communication) has suggested that the attrital coal rich in trans 

lucent waxy material contains more uranium than the coal composed of 

other types of organic debris. However, the fact that coal layers close 

to a permeable bed icave a higher uranium content than apparently similar 

coal layers farther from the permeable bed suggests that the position is a 

more important factor than the chemical nature of the coal.
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Associated trace elements 

Anomalously high concentrations of several trace elements occur

in coal, organic shale, and clayey sandstone where the uranium content 

is also high. At Greston Ridge in the southeast corner of the map area 

higher concentrations of lanthanum, molybdenum, neodymium, lead, 

scandium, and yttrium occur in the coal beds unconformably overlain by 

the conglomerate than in the beds stratigraphically lower. Hie semiquan-
3 ':

titative spectrographic analyses ( Appendix B) show that therfe is 10 to 100 

times the concentration of these constituents in the upper coal bed as there 

is in the bed 40 feet below the unconformity (fig. 24).

At Eagles Nest, two miles west of the northwestern corner of the 

map area, the Wasatch formation contains massive buff coarse-grained, 

fluviatile sandstone interbedded with brown to black lacustrine papery, or 

ganic shale. At the contact with the shale the sandstone is stained orange 

and the organic shale is stained purple. Chemical and semiquantitative 

spectrographic analyses show a positive correlation between the uranium 

andiron, molybdenum, fluorine, gallium, lead, scandium, and vanadium. 

These elements are concentrated in two thin layers of organic shale inter- 

bedded with sandstone and at the top of the main shale bed adjacent to the 

sandstone (fig, 25). Similar patterns of concentration of trace elements 

are present in aureoles around channel sandstones in the Wasatch formation 

at Painted Bluff six miles north of Eagles Nest (figs. 26, 27) and in an area 

extending about 20 miles to the northeast of the map area. The parallel dis 

tribution patterns of uranium and these trace constituents indicate that they 

may have been similarly emplaced.
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Conglomerate Siltstone Calcareous Silty Clay 
siltstone shot* shale

FIGURE 24-DIAGRAM SHOWING DISTRIBUTION OF URANIUM AND SELECTED TRACE 
ELEMENTS IN THE CRESTON COAL ZONE AT CRESTON RIDGE, EASTERN RED 

DESERT AREA, SWEETWATER COUNTY, WYOMING
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FIGURE 26-VIEW OF PAINTED BLUFF SHOWING LOCATION 
OF ANALYZED SAMPLES
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FIGURE 27.- DIAGRAM SHOWING DISTRIBUTION OF SELECTED ELEMENTS AND
GRAIN SIZE ANALYSES OF SAMPLES FROM A CHANNEL SANDSTONE:

AND THE ENCLOSING STRATA IN THE WASATCH FORMATION
EXPOSED AT PAINTED BLUFF ALONG LOST CREEK,

RED DESERT AREA, WYOMING
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Semiquantitative spe.ctrographic analyses of sample-s from core 

holes 11, 12, 13, 16, 17, 24, 43, 71, and 72 were made by the U. S. 

Geological Survey Washington laboratory (analysts, Mona L. Frank and 

Joseph Haffty). Sample numbers correspond to numbered increments in 

the descriptions of coal cores, appendix B.

Analyses of samples from surface sections RW 1138 and 1161 were 

made by the U. S. Geological Survey Denver laboratory. Analysts were 

N. M. Conklin s P. J. Dunton, and R. G. Havens.

Spectrographic analyses were made of the ash of coal and carbona 

ceous shale except in the cases noted. Several analyses were run on both 

the ashed and unashed samples from core hole 13 and surface section 

RW 1161.

Results of spectrographic analyses are reported in terms of per 

cent content: x.% = 1.% to 9.%; . x% = 0. 1% to 0.9%. To conserve space 

the percent groups are designated by letters: A = xx. %; B = x.%, etc.

These designations are shown at the top of each sheet of analyses, in Ap 

pendix B.
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Standard sensitivities for the elements determined by the 
semi quantitative method for samples RW 1138 and 1161

Percent Percent Percent Percent

Ag -
Al -
As -
Au -
B
Ba -
Be -
Bi -
Ca -
Cd -
Ce -
Co -
Cr -
Cu -
By -

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

00005
001
05
003
005
0001
0001
001
001
005
05
0005
0001
00005
05

Er
Fe
Ga
Gd
Ge
Hf
Hg
In
IT
K
La
U
Mg
Mo
Mn

- 0.
- 0.
- 0.
- 0.
- 0.
- 0.

1
- 0.
- 0.
- 0.
- 0.
- 0.
- 0.
- 0.
- 0.

005
001
001
005
0005
05
0-0. 1
001
005
5(0.001)*
005
01(0.0001)*
001
001
0005

Na-
Nb-
Nd-
Ni -
Os-
P -
Pb-
Pd-
Pt -
Rb-
Re-
Rh-
Ru-
Sb -
Sc -

0
0
0
0
0
0
0
0
0

0
0
0
0
0

.05(0.0005)*

.001

.01

.0005

.005

. 1

.001

.0005

.003
- (0.01)*
.005
.005
.005
.01
.001

Si -
Sm-
Sn -
Sr -
Ta-
Te-
Th-
Ti -
Tl -
U -
V -
W -
Y -
Yb-
Zn-
Zr -

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

001
01
001
0001
05
08
05
0005
01
05
001
01
001
0001
02
001

Standard sensitivities for remainder of analyses are the same as those 
listed above with the following differences:

Percent
Ag - 0.0001 Cu- 
As - 0.1 Gd- 
Au - 0.005 Hf - 
Cr - 0.0005 K -

Percent
0.0001
0.05
0. 1
1.0(0.001)*

* A second exposure is required for the higher sensitivity listed, 
using a 20 mgm. sample charge.

The sensitivities given are based on the semiquantitative method des 
cribed by Myers and Barnett (1953). The concentrations are reported as ele 
ments, not as oxides or compounds.

Example of plus- and -minus notation:

Sub-group Theoretical Range

But

. X 

. X-

XX.

.464 to 1. 

.215 to .464% 

. 10 to .215% 
anything above 10%

Sub-groups overlap somewhat, but about 80 percent of cases will be in correct
sub-group.
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Leaching and extraction of uranium

Tolmachev (1943), 14oore (1954), Szalay (1954), and Breger, Deul, 

and Rubinstein (1955) have shown that uranium is readily removed from 

aqueous solution by coal and is held irreversibly as a disseminated con 

stituent associated with the organic matter. Breger, Deul, Meyrowitz, 

and Rubinstein (1953) have reported on the mineralogy and geochemistry 

of a Red Desert coal, and Breger, Meyrowitz, and Warr (1953) reported 

on the recovery of uranium from the same coal.

"* Experiments were carried out by Wayne Mount joy at the author's 

suggestion to determine whether uranium could be leached from schroeck 

ingerite -bearing rocka.nd whether coal would extract uranium from aqueous 

solution at the concentration and pH expectable in Red Desert natural 

waters.

Several drill holes in the northwestern part of the area encountered 

strong artesian flow of water containing as much as 47 parts per billion 

uranium (table 7). 3urface waters in Lost Creek contain from 27 to 180 

parts per billion uranium near the schroeckingerite deposit seven miles 

north of the map area. Schroeckingerite ^NaCa^XJQzHCQ^SCyF- 10H2O7 

is a secondary uranium mineral which occurs in caliche-like masses with 

in eight feet of the surface along the Cyclone Rim fault zone. It probably 

forms by the evaporation of ground water escaping from a small artesian 

basin and rising to the surface along the fault zone.
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Water with, similar mineral content and. pH to that from Lost Creek

was mixed with schroeckingerite-4>earing rock and the filtrate passed over 

Red Desert coal. The water leached 84 percent -of the uranium from the 

schroeckingerite-bearing rock (fig. 28 A) and the coal removed 9=5 percent 

of the uranium from the filtrate (fig. 28 B). In a second experiment the 

coal also effectively removed uranium from water containing 47 parts per 

billion. A third experiment showed that the rate of removal of uranium 

from a uranyl nitrate solution containing 990 parts per million uranium is 

faster for finely powdered coal than for the coarser grain sizes (fig. 28 C). 

Also, coal removed uranium faster from a solution containing 1, 000 parts 

per million carbonate than from a solution containing 223 parts per million 

carbonate (fig. 28D).

The experiment using the uranyl nitrate solution containing 990 parts 

per million uranium was continued to test the maximum removal of uranium 

from solution by coal. At the end of 27 days the powdered coal (minus 100 

mesh) had removed 95 percent of the uranium from the solution and con 

tained 8. 6 percent uranium. An X-ray determination did not reveal the 

presence of any uranium mineral. The sample was reimmersed in a uranyl 

nitrate solution containing 550 parts per million uranium. At the end of 

120 days the coal had removed 35 percent of the uranium from solution 

and contained about 13 percent uranium. X-ray determination again failed 

to show the presence of any uranium mineral. However, at high magnifica 

tion (SQO X) a polished section showed that the fragments of coal were sur 

rounded by minute black particles of pitchblende (?). The removal of large
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amounts of uranium from solution without attaining chemical equilibrium 

suggests that the uranium may have been precipitated by reduction from 

the six to the four valent state rather than forming an organo-metallic 

compound.

Reduction of six valent uranium to the four valent state would re 

quire that the carbonaceous material Kave a negative Eh (oxidation-reduc 

tion potential; see ZoBell, 1946, Krumbein and Garrels, 1952). The Eh 

and pH of about 40 samples of coal, organic shale, siltstone, and sand 

stone from the Red Desert were determined to test the effectiveness of 

the carbonaceous material as a reducing agent. <

Results for selected samples are tabulated below.

Eh (volts) pH

Creston coal zone - 
surface section

conglomerate +0.370 7.2 
coal (weathered) +0.536 3.5

Sourdough coal zone - . 
surface section

coal (weathered) + 0.566 3.2

Luman coal zone - core
coal (unweathered) -f 0.471 6.0

Eagles Nest - surface section
siltstom + 0.391 8.2 
organic shale (weathered) + 0.066 7.8
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The unexpectedly positive (oxidizing) Eh obtained for the coal samples may 

be due to the introduction of atmospheric oxygen during the grinding and air 

drying of the samples. However, the presence of the pyrite in the coal indi- 

catesthat reducing conditions must have existed in the coal underground. 

Results of the experiments indicate: 1) coal can extract uranium 

from the ground water passing through it at the present timej 2) water from 

JLost Creek will leach uranium from schroeckingerite and deposit it on 

coal, raising the uranium content to ore grade; 3) concentration of uranium 

in groundwater in excess of 50 parts per billion is apparently necessary to 

cause enrichment of the coal to ore gradej 4) coal not only removes uranium 

from solution but probably affects the solutions in its vicinity. This may be 

an effective mechanism for the deposition of "primary type" uranium min 

erals near carbonaceous material. Detailed results of the experimental 

work will be reported separately (Mas ur sky and Mount joy, in preparation).

Origin 

Previously known occurrences of rare elements in coal

Uranium and other trace elements have long been known to occur 

in carbonaceous rocks. Uranium in coal was known as early as 1874 when 

it was identified in the coal at the Old Ley den mine near Golden, Colo. 

(Berthoud, 1875). In 1930 V. M. Goldschmidt (1944) discovered that 

unusual concentrations of germanium occurred in coal ash. He found that 

several other rare elements were present in coal ash with enrichment 

factors as much as 20, 000 times their concentration in average rocks of 

the earth's surface (Goldschmidt, 1950, p. 243). These enriched elements
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were from most divisions of the periodic table and the assemblage was 

quite different from those resulting from the known geochemical processes 

of concentration. In addition, he found that the rare elements were not 

associated with the adventitious ash -- the visible mineral impurities in 

the coal, but rather with the inherent ash -- the residuum of the organic 

material itself. He proposed three possible processes of concentrations:

1. Concentration during the life of the- plant* for example, boron 
and rare earth oxides are concentrated in leaves of the hickory 
tree.

2. Concentration during the decay of the organic matter in forest 
litter and forest humus, exemplified by germanium, nickel, and 
silver.

3. Concentration after the plant has been buried under sediments, 
by reaction of the coal or associated minerals with circulating 
aqueous solutions containing rare elements, either by reducing 

to insoluble compounds or by adsorption, e.g., the frequent 
concentration of arsenic in the pyrite of coal.

Certain coals in Russia investigated by Silbermintz (1935) contain 

unusual concentrations of rare elements in coal ash, V$O$ - 5. 56 percent, 

Cr2O3 - 1.42 percent, and NiO r 0.84 percent. He attributed these con 

centrations to infiltration (secondary deposition) of the coal by the rare 

elements derived from the breakdown of the vanadiferous segregations of 

titanomagnetite in the rocks of the Ural Mountains flanking the coal basin. 

Vinogradov and Bergman (1935) also stated that unusually high concentra 

tions of trace metals may occur in coal in Hcases of the infiltration of 

coal by solutions containing vanadium; but under these circumstances the 

coal usually contains other heavy metals also, e. g, , uranium, chromium, 

copper and so forth. ll



Several geologisjtscont^ue,d the investigation of .rare elements in 

Bri$i$b'.GQal starte4 :by Goldse^n^idt^ Reynolds {1948) showed that lenses 

of vitsain averlying^cpal beds contain notable quantities of vanadium, 

chromium,; $itaniumj.an4: nic.kej. He also foun4 a top preferential distri 

bution Q£ copper and lead in some seams and stated that these metals were 

probably precipitated from circulating water during coal formation, Horton

and Aubrey (1950) spectrosrcopically analyzed three vitratns from the
'( 

Barns ley seam for 18 minor elements. They found that titanium, vanadium,

nickel^ and germanium are some, of the most abundant elements associated 

with the pure coal substance. Aubrey (1952) examined 200 British coals 

andpiound that the germanium content averaged about 7 ppm, which is equal 

to the.germanium content of average sedimentary rocks. He attributes the 

high germanium contents reported by Goldschmidt to the marked concen 

tration effect of ashing the coals.

Germanium in American coals has been investigated by Headlee 

(1953) who found that the, germaniunauwas concentrated in the top and bottom 

three inches of the coal .seam .and.other notably high concentrations within 

the bed occurred adjacent to partings. He concluded that the germanium 

was associated with the organic fraction of the coal and that it was ex 

tracted by the coal from aqueous solution or from gases containing vola 

tile germanium com pounds. Headlee '$ findings explain the lack of agree 

ment on the germanium content of the British coal. > Goldschmidt's sample 

probably came from the top of a bed whereas Aubrey's samples were of 

the full bed thickness and mixed the material of high concentration with
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that of low concentration. Stadnichenko and a-s-sociates- (1^53) confirmed 

the top and bottom preferential distribution of the germanium in American 

coals. They report that the highest concentrations of germanium, amount 

ing to as much as 7.5 percent in the coal ash, were found in isolated 

coalified logs in Cretaceous sediments. In these deposits the germanium 

is most highly concentrated in bright woody coal (vitrain) and less concen 

trated in fusain (mineral charcoal). The general conclusion of these 

workers is thafrmany trace metals in coal a,re associated with the organic 

fraction and were epigene tic ally emplaced.

Suggested hypotheses for emplacement of uranium in coal

Uranium received little attention in the course of the early inves-
r

tigations of trace elements. The analytical work was based largely on 

the spectrographic method, which is not effective in analyzing for uranium. 

In addition, coal is commonly considered to be among the least radio 

active rocks. In logging drill holes in the coal measures of Britain, it 

is possible to pick out workable coal seams because of their very low 

radioactivity (Davidson and Ponsford, 1954)*
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Biogenetic hypo^fesis^ ̂ -The: %;fc%dies-©f Helen Cann*»* (1953) have 

shown tha£v& pimple^ botanical i^c^a^s-ra (enrichment in uranium during 

growth 04.the plants) is insufficient to account far >the large concentration .„ 

of uranium in some coal seams. JEveEh vegetation rooted in uranium ore 

rarely contains mose_ than 0. Oil percent uranium in the ash whereas ft , 

coalified logs ma^; contain^ as much as two thousand times this amount.

Syngenetic, and diagenetic hypotheses. --During the course of an 

investigation of the Lost Creek vschroeckingerite deposit in Sweetwater 

County, Wyo. , Slaughter and Nelson (1946) discovered the uranium-bear ing 

coal in the Red Desert. In 1948 and 1949, Wyant and Beroni (1950) dis 

covered uranium-bear ing lignite in North Dakota, South Dakota/ and 

Montana. Beroni and Bauer (1952) continued this work in 1949, and Wyant, 

Sharpe, and Sheridan (1951) recoimoitered the Red Desert area the same 

year.? Two hypotheses were advanced^as a result of this work: the first 

(syngenetic hypothesis) stated that uranium was deposited from surface 

waters at the same time as $he carbonaceous debris fropi which the lig 

nite formed; the second (diagene.tic .hypothesis)1 stated that uranium was 

deposited with other detrital mineral® in sediments overlying or marginal 

to the lignites, leached and carried downward or laterally, and fixed by 

the carbon of the lignite before coalification.



That uranium can be syngenetically emplaced in vegetable material 

has been demonstrated in the field and in the laboratory. In North Park, 

Colo. , springs issuing from a small peat deposit contain about 56 parts 

per billion uranium^, which is probably derived from uranium-bear ing 

veins in the surrounding granite. In the vicinity of the springs the peat 

contains as much as 0. 39 percent uranium and 0. 84 percent in the ash 

(Roger Malan, oral communication). S. Szalay (1954), suspecting that 

the uranium in Hungarian brown coals had been emplaced before c calif i- 

cation, demonstrated in the laboratory that peat would extract up to 10 

percent uranium from aqueous solution. He proposed that the uranium 

in the carbonaceous rocks was originally derived by the decomposition 

of granite and was carried in solution to the surrounding swamps where 

it was concentrated by the humic acid in the peat.

Waters and Granger (1953) considered but rejected the possibility 

of a "built-in*1 source for the Colorado Plateau deposits; the uranium to 

be derived from the devitrification of volcanic debris in the main part of 

the Chinle formation and in the Brushy Basin shale member of the Morri- 

son formation, which directly overlie the ore-bearing Shinarump and 

Saltwash sandstone members of these formations respectively.
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Epigenetic hypothesis. --As the result of work in the Dakotas, 

Denson, Bachman, and Zeller (1950) proposed another hypothesis. This 

states that the uranium is epigenetic in origin, having been extracted by 

the lignite from uraniferous ground water percolating downward from 

overlying tuffaceous source rocks. They proposed that the uranium was 

a finely disseminated primary constituent of volcanic ash and that it was 

released and made available to the ground water through weathering and 

devitrification of the ash.

Koeberlin (1938) earlier proposed that volcanic ash may be a 

source of metals. He stated that the gold found in the volcanic ash near 

Hartsel, Colo. is not oxidizable and cannot migrate from its original 

host rock in contrast to the sulphides which could be leached from the 

ash and migrate to favorable sites of deposition. The copper in the "red 

bed 11 type of deposit and the lead and zinc in deposits where evidence for 

hydrothermal conduits is lacking may have been derived from this source,

Evidence supporting an epigenetic origin for the uranium
in Red Desert coal

The following observations suggest to the writer that the uranium 

in the coal of the Red Desert was epigenetic ally emplaced:

1. The highest concentration of uranium and other trace ele 

ments occurs in the upper part of the stratigraphically highest - 

carbonaceous bed directly below the unconformity on which the 

Miocene(?) rocks were deposited.
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2. The uranium content of coal is greater adjacent to coarse 

grained permeable sandstone beds, which generally underlie 

the coal. Where the coal is underlain and overlain by permeable

sandstone the uranium content of the coal is high at the bottom

and top of the bed,

3. The uranium content of the coal is higher to the northeast 

corresponding to an increase in the proportion of coarse-grained 

permeable sandstone inter bedded with the coal.

4. With a sequence of coal and carbonaceous shale the lowest 

uranium content is found in the central part of the highly imper 

meable, pure coal splits. Conversely the highest uranium con 

tent is found in the impure coal adjacent to the relatively per 

meable layers with high ash content.

5. Organic shale (low-grade oil shale) and clayey sandstone 

have an anomalously high uranium and trace metal content ad 

jacent to permeable coarse-grained sandstone.

6. Experimental work shows that the Red Desert coal is highly 

effective in extracting uranium from solution.

7. Artesian water from aquifers interbedded with coal carries 

as much as 47 parts per billion uranium at the present time. Ex 

perimental work shows that the Red Desert coal will extract 

uranium from this solution.
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The detailed relationship between the uranium content of coal and 

the permeability of the surrounding rocks, and the capability of the coal 

to extract uranium at the present time indicate that the uranium probably 

was emplaced subsequent to coalification.

Possible sources of uranium

Following are observations on possible sources of the uranium 

distributed to the coal by the ground water:

1. Hydrothermal -- cropping out in the Rattlesnake Hills 40 

miles north of the mapped area are a group of highly alkalic vol 

canic rocks of middle Eocene age (Van Houten, 1954). A few 

miles from these vents are numerous sands tone-type uranium 

deposits similar to those surrounding the laccoliths of Tertiary 

age in the Colorado Plateau (Waters and Granger, 1953, p. 23). 

Hydrothermal solutions accompanying the emplacement of the 

volcanic rocks may have risen along fault zones to form sand 

stone-type deposits or spread laterally through the ground water 

system to form the low-grade deposits in the coal (fig. 29 A). The 

presence of a uranium mineral (torbernite) in the gouge along a 

thrust fault zone in the Crooks Gap area (Stephens, J. G., 1954, 

p. 122), the schroeckingerite deposit along the Cyclone Rim fault 

zone, and the iron staining and uranium at Painted Bluff and Eagles 

Nest near small faults all point to the possibility of a hydrotherinal 

source of uranium.
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EXPLANATION

A. URANIUM-BEARING HYDROTHERMAL SOLUTIONS
RISE ALONG FAULTS AND SPREAD LATERALLY

INTO THE GROUND WATER SYSTEM

B. URANIUM IS LEACHED FROM GRANITE AND
ARKOSES DERIVED FROM IT AND IS DISTRIBUTED

BY THE GROUND WATER SYSTEM

Uranium - 
bearing solutions C. URANIUM IS LEACHED FROM OVERLYING

VOLCANIC ROCKS AND SPREAD LATERALLY
THROUGH PERMEABLE ZONES

FIGURE,9 .- DIAGRAM SHOWING POSSIBLE SOURCES OF URANIUM 
IN COAL-BEARING ROCKS OF THE RED DESERT AREA, WYOMING
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2.t' Granite leach. - Analyses of six samples of Sweetwater 

granite of Precambrian age and boulders derived from it show 

that it contains from 0. 002 to 0. 003 percent uranium. The 

arkose in the Wasatch formation of early Eocene age derived 

from the Sweetwater granite contains from 0. 0005 to 0. 001 

percent uranium. Piggot (1929), Hurley (1950), Brown and 

others (1953), and Jahns (1953) have shown that the major 

part of the uranium in a granite is contained in the intergranu- 

iar films surrounding the grains. Crushing and mildly leach 

ing the granite resulted in the removal of about 9/10 of the 

radioactivity, probably from the easily leachable films (Hurley, 

1950). The remaining 1/10 was probably contained in the 

uranium-bear ing heavy minerals. By analogy, the major 

part of the uranium would be released from the Sweetwater 

granitic material by the time it was reduced to individual 

grains of sand size. Thus enormous tonnages of uranium 

could be released by the weathering of granite and granitic 

boulder conglomerate and be. spread laterally via the ground 

water system (fig. 29B).
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3. Volcanic ash leach - Tuffaceous rocks of the Browns Park 

formation of Miocene age crop out near the Cyclone Rim fault 

zone and near Crooks Gap north of the mapped area, at Rawiins 

to the east and at Baggs to the south. Within the map area 

gravel capping on high benches that may be remnants of the 

basal conglomerate of the Browns Park formation shows that 

the volcanic rocks which blanketed the area may have closely 

overlain the present land surface. The concentration of 

uranium in the uppermost carbonaceous rocks overlain by 

these gravels indicate deposition by downward-migrating 

solutions. Where the volcanic rocks overlapped the sand 

stone facies of the Wasatch formation, the uranium-bear ing 

solutions could have entered the aquifers and moved downward 

and laterally for miles under hydrostatic head and deposited 

uranium on coal (fig. 29 C). Possible volcanic source rocks 

of middle and late Eocene age, Oligocene age, and Pliocene 

age also occur in adjacent areas. However the ground water 

from the Miocene rocks shows the highest uranium content 

(table 7) so that they are suspect as the parental source.



Whatever the original source of the uranium, the uranium-bear ing 

coals of the Red Desert are in a sector of low-grade occurrences margi 

nal to an area of high grade deposits. The presence of uranium at Crooks 

Gap north of the area confirms the evidence from the distribution pattern 

in the coal and indicates that the area of cparse-grained arkose with thin 

carbonaceous zones lying north and east of the coal area is favorable for 

the occurrence of high-grade deposits. The Crooks Gap deposit is local 

ized adjacent to thin carbonaceous zones in coarse-grained arkose; where 

as the Lost Creek schroeckingerite is a caliche-like deposit along the 

Cyclone Rim fault zone. The uranium in these three occurrences possibly 

had the same source; the uranium in the Crooks Gap deposits and in the 

Red Desert coal may have been concentrated by the chemical effect of 

carbonaceous matter, whereas the uranium at the Lost Creek deposit 

was probably concentrated by structural control of ground water flow and 

evaporation of the uraniferous ground water due to the arid climate.

Other trace elements as an index to the source of uranium

There is a large suite of trace elements present in the uranium- 

bearing coal at C reston Ridge, according to semiquantitative spectrographic 

analyses. Volcanic rocks of several ages and the Sweetwater granite of 

Precambrian age from which the trace elements in the coal may have 

been derived by leaching were analyzed spectrographically for comparison 

of their trace metal content with that of the coal. The trace metal content
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of all the rocks is remarkably similar and no index .constituent was ob 

served that is uniquely present in one ^source 11 rock and the coal (fig. 30), 

Sodium is present in the coal and the granite but it is also a notable con 

stituent in the Rattlesnake volcanic rocks. Comparison of the relative 

abundance of trace metals in a source with that of the coal is complicated 

by the possible differential leaching of material from the source rock and 

differential extraction by the coal. Either of these stages might alter the 

relative proportions of the trace elements observed. It is possible that 

more detailed quantitative spectrpgraphic analyses would make correla 

tions possible that are obscured by the more generalized results from 

the semiquantitative spectrographic method.

Suggestions for prospecting
• ' £' < •

Evidence from the field and laboratory shows that the geologic 

conditions favoring the localization of uranium are:

1. Lenses or thin layers of carbonaceous material in direct 

contact with source rocks or in highly permeable rocks, which 

will allow easy access,to uranium-bearing solutions.

2. Impure carbonaceous layers in a sequence will contain more 

uranium than pure layers as they are more easily permeated 

by uranium -bearing solutions.
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Areas favorable for prospecting in the Great Divide Basin are 

therefore:

1. Topographically high areas which may be capped by volcanic 

source rocks such as, the rim of Bison Basin, the area lying 

west of Crooks Mountain, and the extensive terraces extending 

northeast from Creston Ridge.

2. Areas underlain by the sandstone facies of the Wasatch for 

mation in which thin carbonaceous shales op cur interbedded with 

arkose. The large area in the northeast corner of the Great 

Divide Basin lying between the eastern Red Desert area and 

the north end of the Rawlins uplift is favorable.

3. Areas where carbonaceous beds in older rocks are over 

lapped by the highly permeable sandstone facies pf the Wasatch 

formation. At the east end of Crooks Mountain coal-bearing 

rocks of the Paleocene and Cretaceous units are unconformably 

overlain by the Eocene arkose and boulder conglomerate.

EXPLORATION

The primary objective of the core drilling program was to deter 

mine reserves of unweathered uranium-bear ing coal in the eastern part 

of the Red Desert. A secondary objective was to determine controls for 

uranium mineralization in the coal as a guide in the search for higher 

grade uranium deposits in the Red Desert area.
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A total of;60 core- holes were drilled in a northwest trending 

zone about 25 miles in length along the axis of maximum coal deposi 

tion. An 8-inch core hale was drilled in the northern part of the Red 

Desert area to obtain a large, fresh sample of the Luman No. 2 coal 

bed for coal-utilization studies. The total footage drilled was 12,783 

feet.

The drilling was done under contract by the Pennsylvania 

Drilling Company, Pittsburgh, Pa.

The average drill hole depth was 211 feet, the deepest being 

385. 0 feet, the shallowest, 77. 7 feet. Core recovery in coal beds 

averaged 92 percent. The core was logged in detail immediately on 

removal from the core barrel. Coal core from 21 holes was shipped 

to the U. S. Geological Survey Coal Geology Laboratory, Columbus, 

Ohio.
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The coal core from 16 holes was split in the field. One split was 

placed in water tight cans and submitted to the Bureau of Mines for standard 

fuel analysis. The other split was sent to the Trace Elements Washington 

laboratory for uranium analysis. Coal core from the remaining 23 NX 

holes was sampled for uranium analysis only. The 11-foot section of 8- 

inch core was blocked in the inner core barrel and the whole assembly 

boxed and shipped to the Coal Geology Laboratory. Core, other than coal- 

bearing, was left on the ground except for selected intervals retained for 

lithologic studies.

Artesian water was encountered in several holes (fig. 31) but was 

sealed off without difficulty except in the case of hole 17. Here the artesian

water broke out around the casing and formed a 12-foot diameter hole in

/ See page 70. 
the unconsolidated lake sediments (fig. 32). Charges of dynamite were

used to seal the hole above the aquifer and cut off the flow of water.

Radioactivity detection

Radioactivity logs were made of several core holes but caving from 

the unconsolidated sandstone rapidly filled most holes. Radioactivity road 

logs were made using a carborne scintillation counter. A comparison be 

tween a radioactivity road log, the radioactivity log of a core hole, and the 

lithologic log of the same beds with the uranium content of the coal beds 

is shown in figure 33. The carborne counter is very effective in picking up 

the radioactivity of thin coal beds containing 0. 010 percent or more uranium, 

However on Greston Ridge five feet of gravel, overlying carbonaceous rocks
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R.94W. R.93W, R.92W.

EXPLANATION

Core hole with field number-, 
no water dota available

Core hole filled by cave to
depth indicated; no water

to this depth

048-141'

Qroundwater level at depth 

indicated

.17-380'

Plugged flowing well; aquifer 
at depth indicated

r
flowing well-, depth 

to aquifer unknown

Drilling from July to 
November, 1953

2O N.

R.94W. R.93W.

FIGURE 31-SKETCH MAP SHOWING HYQROLOGIC DATA FROM CORE HOLtS, 
EASTERN RED DESERT AREA,SWEETWATER COUNT Y.WYOMING
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Composite columnar section of core 
hole 30 and adjacent surface sections

Radioactivity tog of core hole 
30 using scintillation probe

Radioactivity road log of outcrop near 
core hole using carborne scintillation counter

O miles-\———————i———————i———————i „. 
•» »rsl. 2 'units

R.94W. R.93W. 
INDEX MAP SHOWING LOCATION OF CORE HOLE 30 AND ROAD TRAVERSE

FIGURE 33-CHART SHOWING COMPARISON OF RADIOMETRIC ANOMOLIES DETECTED BY A CARBORNE SCINTILLATION COUNTER 
AND THOSE RECORDED BY A SCINTILLATION PROBE IN A CORE HOLE PENETRATING THE SAME URANIUM-BEARING 

BEDS, EASTERN RED DESERT AREA, SWEETWATER COUNTY, WYOMING
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containing as much as 0. 050 percent uranium^ effectively shielded 

and prevented their detection by the carborne counter.

Land status

The land in a checkerboard pattern consisting of all odd-numbered 

sections for approximately 20 miles north of the railroad is part of the 

original Union Pacific Railroad land grant. The north line of the land 

grant is shown on the geologic map (fig. 4, in envelope). Sections 16 and 

36 in all townships are state-owned school sections. The remainder of the 

land with the exception of a few hotnesteaded tracts is in the public domain 

and is administered by the Bureau of Land Management. Surface rights 

are leased from the railroad and Bureau of Land Management by the several 

livestock companies,

RESERVES

Reserves of underground and potentially strippable coal, uranium 

in coal, uranium in coal ash, and uranium in carbonaceous shale are sum 

marized in table 8. Reserves by bed in each township in the eastern Red 

Desert area are shown by maps and tables in figures 34 to 70. (See p. 134 

-170. ) Procedures followed in,the breakdown into reserve categories are 

in general those outlined by Averitt, Berryhill, and Taylor (1953, p. 6-12). 

Reserves have been rounded off to the nearest thousand tons and percent of 

uranium to the nearest thousandth percent.
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Table 8. --Summary.of reserves of coal, carbonaceous shale, and
uranium in the eastern Red Desert area, Sweetwater County,

Wyoming-./.

Measured and indicated 
coaii/

289,478,000
578,519,000

1,236,043,000
2, 104,040,000

Coal reserves

Thickness category 
(feet)

2.5 - 5 
5 - 10 
more than 10 
Total

Potentially strippable coal 
(included in measured and 

indicated reserves)-/

62,964,000
195,821,000.
194,038,000
452,823,000

Uranium reserves in coal (inferred)
Measured and indicated coal Uranium in coal Potentially strippable coal 

Coal Uranium (percent) Coal Uranium

691,399,000 23,746
28,371,000 1,534
2,121,000 212

0. 003 or more 
. 005 or more 
.010 or more

100,485,000
6,004,000

3,542
334

Uranium reserves in coal ash (inferred)
Measured and indicated coal 

Coal Uranium

242,596,000 9,378
75,712,000 2,735
2,121,000 212

Uranium in ash 
(percent)

0. 015 or more 
.020 or more 
.030 or more

Potentially strippable coal 
Coal Uranium

37,866,000
4,930,000

595,000

1,558
278

54

Uranium reserves in carbonaceous shale (inferred)
Measured and indicated Potentially strippable 
carbonaceous shale—/ Uranium in shale carbonaceous shale 
Carb. shale Uranium (percent) Carb. shale Uranium

70,593,000 4,912
50,675,000 4,179
3,143,000 377

0. 003 or more 
. 005 or more 
.010 or more

32,503,000
29,404,000
3,143,000

2,855
2,731

377

I/ 
I/

V 

V

Coal and uranium reserves listed in short tons.
Coal beds included which are more than 2. 5 feet in thickness, contain
less than 33 percent ash, contain less than 50 percent parting, and are
within 2 miles of a data point (either outcrop or drill hole).
Stripping limit defined by overburden to coal ratio of 10 to 1, 60 foot
maximum.
Carbonaceous shale beds are more than 2. 5 feet in thickness, contain
more than 33 percent ash, and are within 2 miles of a data point.
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Coal

Measured reserves are those where the continuity of beds indicates 

that tonnage estimates are accurate within 20 percent. Such reserves lie 

within a half mile of the outcrop or drill holes which cut the coal. Indica 

ted reserves are based on projection of visible data for a reasonable dis 

tance based on geologic evidence and in general lie within a strip, 1 1/2 

miles wide, surrounding the measured coal* Inferred reserves are based 

on broad knowledge of the geologic character of the beds and extend beyond 

the 2 mile line enclosing the measured and indicated reserves. Coal weight 

used in this estimate is 1770 short tons per acre foot. Beds and parts of 

beds made up of thin layers of coal and parting were omitted if the partings 

made up more than one-half the total thickness, or if the ash content ex 

ceeded 33 percent. Thickness categories used are as follows;

more than 10 feet
5 to 10 feet

2. 5 to 5 feet

In this report measured and indicated reserves are grouped together 

on the maps and in the tables. Original reserves of measured and indicated 

sub-bituminous coal lying within 1, 000 feet of the surface amount to 2,104 

million short tons. An additional 100 million tons of coal are present in the 

inferred category. Measured reserves comprise about 20 percent of the 

measured and indicated reserves or about 421 million short tons. The in 

ferred reserves are not shown on the maps and tables and are confined to 

reserves beyond the 2 mile line in the Hadsell No. 4 bed, Creston No. 2 and 

No. 3 beds, and Latham No. 3 and No. 4 beds in Tps. 21 and 22 N, , Rs. 92, 

93, and 94 W.
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More than 453 million short tons (23 percent) of the measured and 

indicated reserves are considered potentially strippable coal. The same 

thickness and ash content cutoffs were used in defining the potentially strip 

pable coal as in the underground mining reserves. An overburden to coal 

ratio of 10 to 1, 60 foot maximum, was used to delimit the area underlain 

by potentially strippable coal.

Uranium in coal

Total reserves of measured and indicated coal containing 0. 003 

percent uranium or more amount to 691 million short tons. A weighted 

average uranium content was determined from the analyses at each data 

point and from these values an average was computed for each coal reserve 

block. Uranium grade cutoffs are 0. 003 percent or more, 0. 005 percent 

or more, and 0.010 percent or more. In a few places where part of a 

coal reserve block contained more than 0. 003 percent uranium and part 

of the block less, the block was divided so that the higher grade part would 

fall within the minimum grade cutoff.

In many places the uranium content of the impure coal layers is 

greater than the pure coal layers. Inclusion of these impure layers in 

creased the ash content of the reserve block as well as the uranium content. 

The Bureau of Mines fuel analyses in table 5 (page 72) list ash contents 

which are significantly lower than the ash contents of coal reserve blocks 

arranged to include the maximum uranium content. Even though thin
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layers of coal in places contain as much as 0. 047 percent uranium, the 

average content of a whole bed over a reserve block does not exceed 0. 010 

percent uranium.

Uranium in coal ash

Uranium in coal ash was computed for each coal reserve block. 

Thin splits of coal contain as much as 0. 140 percent uranium in the ash, 

but no reserve block averaged more than 0. 030 percent uranium in the 

ash and most coal reserve blocks contain less than 0. 015 percent uranium 

in the ash. In the measured and indicated reserve category 243 million 

short tons of coal contain 0. 015 percent or more uranium in the coal ash 

amounting to 9 thousand short tons of uranium. Reserves for grade cut 

offs 0. 020 or more and 0. 030 or more and potentially strippable reserves 

are summarised in table 8.

Uranium in carbonaceous shale
% 

Thin splits of impure coal and carbonaceous shale are the units

with the highest uranium content investigated, at Greston Ridge a split of 

carbonaceous shale one foot thick contains 0. 051 percent uranium in the 

shale and 0. 080 in the ash, and at Bison Basin a bed 0.6 foot thick con 

tains 0. 056 percent uranium. Reserves computed for two blocks, which 

seemed to be of sufficient thickness and extent to be of interest, totalled 

almost 71 million tons of shale containing 5 thousand short tons of uranium, 

The average grade of the carbonaceous shale reserve blocks does not
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exceed 0. 012 percent uranium. The weight of carbonaceous shale (Z,700 

tons of shale per acre foot) was determined from apparent specific gravi 

ties of carbonaceous shale in the core of the Luman coal zone. Due to the 

difficulty of coring the weathered carbonaceous rocks underlying the 5 to 

20 feet of gravel capping Creston Ridge, the reserve estimates in that 

area are based on a minimum of information. It is possible that in places 

the impure coal and carbonaceous shale underlying Creston Ridge are of 

much higher grade than that now known.

Mining

There has been no mining in the area. Re cover ability was not 

considered and reserve estimates are of coal in the ground. Present 

practices allow recovery of approximately 50 percent by underground 

mining and 80 percent by strip mining. Surficial deposits range up to 58 

feet in thickness in Battle Spring Flat where much of the coal, as a con 

sequence, lies below the strippable limit. Mine water might be a prob-
»>

lem at Battle Spring Flat where a strong flow of artesian water was en 

countered in several core holes (fig. 31, p. 126). In the one coal pros 

pect pit in the area (sec. 27, T. 21 N. , R. 93 W. ) the unconsolidated 

siltstone overlying the coal slumped so badly that the pit was abandoned 

(C. Hadsell, oral communication). Similar rocks overlie the coal beds 

in much of the area. The coal beds commonly have a floor of sandstone.



'EXPLANATION
OF

2.5-5'

5'- 10'

I-reserve block number 
(.004) uranium content in percent

Coal outcrop 
concealed

Contact

Coal isopach

Limit of indicated cool

Block 
no.

I 
II

COAL RESERVES 
(Measured and indicated)

Area Thickness Coal 
(acres) (feet) (short tons)

797 3.6 5,361,000 
806 6.7 9,558,000

Total lh,919 i000

URANIUM RESERVES 
(Inferred)

Uranium in coal Ash Uranium in Ash 
(percent) (short tons) (percent) (percent /(short tons)

O.OOU 21U 25 0.016 2114 
.OOU 382 25 .016 ^82 

596" W>

FIGURE 3U. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE 
BATTLE NO. 3 BED IN T. 2U N., R. 9li W., EA.TTHiN RED UEJ3KRT 
AREA, SWEETWATER COUNTY, WOMIKO.
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T.
24
N.

EXPLANATION
THICKNESS OF COAL 

Measured and indicated reserves
STRIPPABLE COAL RESERVES 

'

2.5'-5'

5'-10'

10'or more

H-reserve block number 
(.004) uranium content in percent

3-reserve block number

Ratio of overburden to coal 
10 to I, 60' maximum

Contact

Coal outcrop 
Dashed where inferred 

Dotted where concealed

Coal isopach

Limit of strippable coal

Limit of indicated coal 

Cere hole

Surficiai deposits

j

COAL RESERVES 
(Measured and indicated)

i!RANIl>: RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in r.oal P.P.I-. Uranium in Ash 
no. (acres) (feet) (short tons) (percent)(short tons) (perc'-Tit} (percert)(short, l-or

II 995
III 1,091 

Total

1. 77

13.2 
7.5

39,1485,000
13,209,000

O.OOl 
.OOh
.ooU

1,579 
528 
29h

2.3 
?L 
18

0.017 
,0i6 
.022

30,032,000

POTENTIALLY STR1PPABLK RESERVES (incJuied in abo-.-e) 

3.8 518,000 .005 26 ?U .021

$?.&
29h

271401

FIGURE 35. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANllK IN LHK
MONUMENT NO. 2 BED IN T. 2h N., R. 9U W., EASTERN RKO DESERT 
AREA, SWEETWATER COUNTY, WYOMING,
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EXPLANATION
THICKNESS OF COAL

Measured and indicated reserves

Absent or less than 2.5 10' or more 
I - reserve block 

n umber;(.003) uranium 
content in percent.

Surficial deposits

STRIPPABLE COAL RESERVES
Coal outerqp, _,

Dashed where inferred
Dotted where .concealed

— • — 10'— _ 
Cool isopochl-reserve block number 

Ratio of overburden 
to coal 10 tol , 60 
maximum

Fault 
Doffed where concealed Limit of strippable cool

COAL RESERVES
(Measured and indicated)

Block
no.

I
II
III
IV
V

Area
(acres)

3,178
. 673

llil
??b
106

Total

Th:cknes."
( feet )

13.0
7 R( • ^
C . C

3ie
3.8

Coal
(short

73,

l!
1,

POTENTIALLY

1
2
3
U

U5o
hh

Uii
225
Total

V

13.0
f '."?
c ^•<!e

10,

107

126,
?91,
373,
513,

bif^

tons)

000
000
000
000
000 
000

Urar.iun

URANIUM RESERVES
(Inferred)

in coal
(percent) (short tons;

0.003
.OOU
.OOU
.005
.OOU

STRIPPABLE RESERVES

35S,
58,

137,

7^5it

000
000
000
000
000

.003

.OOh

.OOU

.005

2,19U
372
55
76

2,726

( included

311
2
5
8

32T

Ash
(percent)

21
19
15
20
19

in above)

27
32
15
21

Uranium in Ash
(percent) (short

0.011*
.023
.0?6
.025
.021

.011

.013

.026

.02li

——
372

55
76

532

...
__-

5
8

13

tons)

FIGDFE 36. — MAP A'ln TAELF SHOWING RKSKRVES OF COAL AND URANIUM IN THE BATTLE NO. 3 
BED IN PART OF T. 23 N., R. 9h W., EASTERN RED DESERT AREA, SWE''TWATER
COUNTY, WYOMING.
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EXPLANATION
THICKNESS OF COAL

Measured and indicated reserves

10 or more 
I-reserve block 

number (.004) uranium,*^ 
content in percent.

Absent or less than 2.5

STRIPPABLE COAL RESERVES

4-reserve block number 
I Ratio of overburden 

to coal 10 to I , 60' 
maximum

jq
Dashed where inferred 

Dotted where contested
—— 10'— 
Coal isopach

Fault 
Dotted where concealed

Surficial deposits
Limit of Stnppable coal

COAL RESERVES
(Measured and indicated)

Block
no.

I
II
III
IV
V
VI
VII
VIII

Area
(acres)

3,852
1,005
i,oiU
l,55i

288
20

U26
20

Total

Thickness
(feet)

I? 0
8.5
8.?
6.8
7.8
li.6
3.8
U.5

Coal
(short tons)

81,816,000
15,120,000
1U, 717, 000
18,668,000
3,976,000
163,000

2,865,000
159,000

137,U8U,000

Uranium

URANIUM RESERVES .
(Inferred)

in coal
(per cent) (short tons)

O.OOU
.003
.OOU
.OOU
.OOU
.OOU
.ooU
.ooU

POTENTIALLY STRIPPABLE RESERVES

1
2
3
U
5
6

20
U26
20

306
995
288

Total

U.6
3.8
U.5
6.9
6.8
7.8

163,000
2,865,000
159,000

3,737,000
11,976,000
3,976,000

22,876,000

.ooU

.ooU

.ooU

.ooU

.ooU

.ooU

3,273
U5U
589
7U7
159

7
115

6
57350

( included

7
115

6
1U9
U79
159
915

Ash
(per font)

28
15
19
2U
30
2U
30
33

in above)

2U
30
33
2U
2U
30

Uranium in ash
( Percent )( short tona)

0.01U
.023
.021
.017
.013
.017
.013
.012

.017

.013

.012

.017

.017

.013

.._
b5k
589
7h7
...

7
...
...

T779T

7

...
11*9
U79

Sf

FIGURE 37. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE MONUMENT 
NO. 2 BED IN PART OF T. 23 N. , R. 91, W. EASTERN RED DESERT ARE/.
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R.94 W.

>25'-
THICKNESS OF COAL STRIPPABLE COAL //// 

(Measured and indicated RESERVES /X 
reserves) s $'..

I______I [AUV<m --^

Absent or tess than 2.5' '5 -Reserve block number \G
r^^-^

2.5-5'
T

K>:VrT*j Surface section 
. 5'-IO'

l-Reserve block number (.004) ° 
uranium content in percent Auger hole

i——i^-i 
Surficial deposits

———•—— 
Contact

Core hole

Coal isopach

Coal outcrop _—-— — — 
Dashed where inferred 

Dotted where concealed Lltnlt of indicated coal Dotted where" concealed Limit of sthppable coal

COAL RESERVES URANIUM RESERVES
(Measured and indicated)

Block
no.

I
II
III
rv
V

Area
(acres)

1,2U9
1,626

673
271
157

Total

Thi ckness
( feet)

6
3
9
2
2

.7

.8

.9

.8

.8

Coal
(short

Ih,10!11,i,
39",

POTENTIALLY

1
2
3

J.23
359

8U
Total

6
k
h

.6

.?

.0

b,
2,

">

812
936
793
3U3
778
£52

tons)

,000
,000
,000
,000
jOOO
,000

Uranium in coal
(percent) (short tons)

O.OOU
.005
.005
.010
.010

1

STRIPPABLE RESERVES

9lil
732
595
26U

,000
,000
ipoo
,000

.OOb

.005

.009

592
5U7
590
liU

78"9HT

( Included

198
137

5U
38?

(Inferred)

Ash
(percent)

25
21
21
30
30

in above)

27
18
20

Uranium in ash
(percent) (short tons)

0.016
.025
.025
.032
.032 _

1

.016

.028

.oUU

592
5U7

59
13U

78"9HT

198
137

5U
3BT

FIGURE 38e — MAP AfTO TABLE SHOWING RESERVES OF COAL AND URANIUM IN THI, SOURDOUGH 
NO. 2 BZD IN TS 23, 2k N., R. 9k W., EASTERN RED Dc-SrRT AREA, 
SWEiTWATRri. COUNTY, WYOMING.
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EXPLANA
THICKNESS C 

. Measured and indie

Absent or less

:. ^
;-..• ;• 2-.s*-5'

i^\i^ H.PP^K;
5'- 10'

i-reserve bio 
(.003) uranium con

* STRIPPABLE COJ
[•:::3.v:- 
|:.(,oo3):

3- reserve bio

Ratio of overture 
1O to I, 60' m

Cool otttcro 
Dashed where i

Foult 

Coat f»O(W

1 , . r , jj

TION
)F COAL 
(7/^£/ reserves

than 2.5'

ck number 
fent in percent

\L RESERVES

:k number 

len to coal

MM

P 
nferrsd

•— ' . .-y*.' •' '
JCh /' ;'; -,; ',-'

1 , • Limit of Stripuoble coot
A '' , )

, '. Surface section
. . • o • ' . 

Auger fiole • :

, , Core hole

':.-...• :.>... . .. ..._........ _ - ^ . ————— . — ̂ i — n
• ' ' '•* ' : ' ' •

COAL RESERVES : •''. • : .' J * tHUHlUM 8ES0l?EjS t' , .; ;'•' »7*yi 
(Measured and indicated) , ' . • ' . ' (Inferred) .'•*'_

Block Area Thickness Coal . Uranium in coal •• Ash Uranium in ash 
no* (acres) (feet) (short tons) (percent)(short tons) (percent) (percent) (short tons)

I 190 5.5 1,850,000 0.003 - 1 :<-'55 • 25 0.012 •' '. — ,'.•.,;., 
II 635 3.8 lt.271,000 • 'jMli '•'-.''.. In Ai • . 25 .016 1|1, '.,;/• V

Total ,

1 122 , 
2 16 
3 97 

Total,

6,121,000' 

5.5 1,188,000 ,003
k.a U3,ooo ,od| -
3.2 5tt9tOOO v *003

iS f iitcluddd 4% aboyfli} '• t
;., - '• i :-- , :«• • •, i ,": :36 /-:•' 25 ••• v »< 

^r.;'f:- '".'•'; '25 --.'^ 
•: :,i,: ||,-' ;^-r ?5 \|-»{

,.- '•'"• (• ' " • . . •' r '

; >,>.•'. ,m -••: ,. ; 

xt^|%v^-:-gV' s?;;,j
ft6;;.-;-v -^y'Shf^U^^i 
^?'^ ̂ vjjs±:^:.j>- -"^0* '^ *:ia(i ^';^F'^^i^

FIGURE 39. -- MAP AND TABLE SHOWING RESERVES OF CDAL AND URANIUM IN THE 
MONUMENT COAL BED IN T. 22 N., R, 93 W*, EASTERN RED DESERT 
SWEETWATER COUNTY, WYOMING. , . . ! •, _',

••&-£&&?:-
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R.94W.

EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

Absent or less than 2.5'

2.5-5'

10'or more
I-reserve block number 

(.006)-uranium content in percent

STRIPPABLE COAL RESERVES

3 reserve block number

Ratio of overburden to coal 
10 to I, 60' maximum

Cool outcrop 
Dashed where inferred

u __
D 

Fault
-— —10'— — 
Coal isopach

Limit of strippable coal

A

Surface section

o 
Auger hale

Core hole

COAL RESERVES
(Measured and indicated)

Block Area
no*

I
II
III
IV
V
VI

(acres)

19U
13

212
323
llj.7
1U6

Total

Thickness
(feet)

13.7
9.8
3.5
6.5
3.8
2.8

Coal
(short tons)

U,70ii,000
225,000

1,313,000
3,716,000

989,000
72U,000

11,671,000

POTENTIALLY STRIPPABLE

1
2
3
h
5
6

19U
13

212
265

90
88

Total

13.7
9.8
3.5
6.5
3.8
2.8

U,70U,000
225,000

1,313,000
3,OU9,000

605,000
U36,000

10,332,000

URANIUM RESERVES
(Inferred)

Uranium in coal
(per cent) (short tons)

0.001
.006
.OOU
.001
.001
.002

RESERVES

.001

.006

.ooU
.001
.001
.002

...
1U
53
...

157

(included in

...
lit
53

— -

___"57

Ash
(percent)

18
27
27
18
18
25

above)

18
27
27
18
18
25

Urani^i" 1n ash
p^i cent.'f sh- rt *.---.T^

0.003 ——
.021 Hi
.013
.001
.001
,006 "If

.003 —

.021 111

.015

.001 ——

.001- —

.008 -ft

FIGURE UO. — MAP AMD TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE BATTLE NO. 3 
BED IN T. 22 N., R. 9h W., EASTERN RED DESERT AREA, SWEETWATER COUNTY, 
WYOMING.
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EX PLANATION

Thickness of coal 
Measured and indicated reserves

Absent or less than 2.5'

10'or more
l-reserue block number 

t.002)-uronium content in percent

Strippable coal reserves

I-reserve block number 
Ratio of overburden to coal 

10 ta I ,60'maximum

Coal outcrop 
Dashed where inferred

0 
Fault

Limit of strippable coal

A 
Surface section

o 

Auger hole

Core hole

COAL RESERVES 
(Measured and indicated)

Block Area Thickness Coal
no.

I
II
III

(acres) (feet)

797
91

539
Total

10.9
10.0
11.2

(short tons)

15,377,000
1,611,000
10,685,000
27,673,000

POTENTIALLY STRIPPABLE

1
2
3

511
91

293
Total

10.9
10.0
11.2

9,859,000
1,611,000
5,808,000
17,278,000

URANIUM RKSERVES 
(Inferred)

Uranium in coal Ash Uranium in ash
(percent)( short tons) (percent)

0.001
.001 ——
.001 ——

RESERVES (included

.001 ——

.001 ——

.001 ——

17
10
12

in above)

17
10
12

(percent) (short tons)

0.001 ——
.007 — •
.001

.001 ——

.007 ——

.001 ——

FIGURE Ul. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE MONUHEWT
NO. 2 BED IN T. 22 N., R. ?U W., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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EXPLANATION
THICKNESS OF COAL 

Measured and indicated reserves

Absent or less than 2.5'

10' or more
i-reserve block number 

(.004)-uranium content in percent
STRIPPABLE COAL RESERVES

I-reserve block number

Ratio of overburden to coal 
10 to I, 60' maximum

Coal outcrop"
Dashed where inferred

u
Fault

— —10'— — 
Coal isopoch

Limit of strippable cool

Surface section

o 
Auger hole

Core hole

COAL RESERVES
(Measured and indicated)

Block Area
no.

I
II
III
IV
V

(acres)

77
U07

3,218
2,057
2,360

Total

Thickness
(feet)

U.2
3.8
7.5

10.7
10.1

POTENTIALLY

1
2
3
It
5

77
3U5

2,825
l,79lt

813
Total

U.2
3.9
7.5

10.7
10.0

Coal
( short

2
U2
38
U2

1?7

572
,737
,719
,958
,190
,176

tons)

,000
,000
,000
,000
,000
,000

URANIJM itKSShVES
(Inferred)

Uranium In coal
(percent) (short tons)

0.
.
.
,
.

006
ooU
003
002
001

STRIPPABLE RESERVES

2
37
33
11.
He

572
,382
,502
,977
.390
,823

,000
,000
,000
,000
jOOO
,000

^
.
.
.

006
OOli
003
002
001

3U
109

1,282
——
——

I7U15"

(included in al

3h
95

1,125
——
——

I725U

Asn
(percent)

?7
26
??
23
18

XJVO)

27
26
2?
21
lb

Uranium in ash
(percent) (she "i. t,on.-, )

0.02U
.016
.oih
.010
.006

.02h

.016

.01U

.010

.006

3U
109
——
——

iS

3U
95

—
—
—
r,!9

FIGURE h2. — MAP ATO TABLE SHOWING RESERVES OF COAL AND URANIUM IH THE SOURDOUGH 
NO. 2 BED AND THE SOURDOUGH-MONUMENT BED IN T. 22N., R. 9k W., 
EASTERN RED DESERT AREA, SWEETWiYTER GC"JNTY, WYOhlwG.
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EXPLAN ATIOM

THICKNESS OF COAL 
Measured and indicated reserves

2.5'- 5'

I-reserve block number 
(.00!) uranium content in percent

STRIPPABLE COAL RESERVES

I-reserve blocK number 

Ratio of overburden to coal 
10 to I , 60' maximum

_ U fr~
Fault

Coal outcrop 
Dotted where concea/ecf

Limit of strippable coal 

Limit of indicated coal

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons) (percent) (percent)(short tr

I 2,3^9 U.5 18,869,000 0.003 566 27 0.011

POTENTIALLY STRIPPABLE RESERVES (included in above ) 

1 106 U.5 81^,000 .003 25 27 .011

FIGURE k3. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE HADSELL
NO. k BED IN T. 22 N., R. 9U ¥., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

2.5-5'

I-reserve block number 
(.003) uranium content in percent

STRIPPABLE COAL RESERVES
•. • r.
'.(.003) .

I-reserve block number

Ratio of overburden to coal 
10 to 1, 60 maximum

CoaPoutcrop 
Dotted where concealed 
Dashed where inferred 

— —2.5'— —

Coal isopach

A
Surface section

+ 
Core hole

___JL______._______,

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in coal Ash . Uranium in ash 
no. (acres) (feet) (short tone) (percent)(ahort tons) (percent) (percent)(short tons)

I 80 3.5 496,000 0.003 15 18 0.015 13

POTENTIALLY STRIPPABLE RESERVES (included in above) 

1 53 3.5 328,000 .003 10 18 .015 10

FIGURE Ul . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE
SOURDOUGH NO. 2 BED IN T«. 21 N., R. 92 W. , EASTERN RED DESERT 
AREA, SWEETWATER COUNTY, WYOMING.
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EXPLANATION 
THICKNESS OF COAL 

Measured and indicated reserves

Ab$ent'or less than 2.5

10'or mdre
I-reserve block number 

(.003) uranium content in percent 
— —10*— — 
Coal isopach

Limit of indicated coal

Uranium isocnem

_J

COAL RESERVES 
(Measured and indicated)

Block Area Thickness CoaD.
no*

I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII

( acres )

72l»
750
h9h
3l»
60

173
Ij6l

1,687
795
685
112
380

Total

(feet) (short tons)

15.0
7.5
3.8
7.5
3.8
3.8
7.5

17.3
16.7
7.5
3.8
3.8

19,222,000
9,956,000
3,323,000
h5l,000
ljOU,000

1,16U,000
6,120,000

51,658,000
23,1»99,000
9,093,000

753,000
2,556,000

128,199,000

URANIUM RESERVES 
(Inferred)

Uranium in coal . Ash Uranium in ash
(per cent) (short tons) (percent) (per cent) (short tons)

0.003
.003
.003
.002
.002
.002
.002
.001
.003
.003
.003
.003

577
299
100
-__
— -
—
___

705
273
23

__ 77«••

26
26
26
23
23
21
21
21
27
28
23
29

0.012
.012
.012
.009
.009
.010
.010
.ooU
.011
.011
.013
.010

——
— -
___
__-
...
——
——
_ —
___
——
...

FIGURE 1»5. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE CRESTON
NO. 2 BED IN T. 21 N., R. 92 W., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

Absent or less than 2.5'

10 or more

I-reserve block number 
(.003) uranium content in percent

r _ - I Q'_ __ . r __

Coal isopach 

Limit of strippable coal

Blc.ek Area
no.

I
II
III
IV
V

(acres)

1,706
323
299
1489
218

Total

-ea and indicated) 

Thickness Coal
•faet)

15.0
9.3

11.8
7.5
h.o

(short tons)

Ii5,29h,000
5,317,000
6,21i5,000
6,1(91,000
I,5h3,000

6^,890,000

(Inferred/ 

Uranium in coa] Asl Ur.unjur
(Per cent) (short tone

0.001
.001
.001
.001
.001

(percent) (percent Hr> ••:<•>-*, tor.c, )

23
26
27
30
33

0.00?
.005
.(•01
.001
.003

f"-

_,«
.— .
— ̂

U6. — MAP AND TABLE SHOWING RESERVES OF COAL 4N) URANIKK IN LATHAI*1 BEDS 
NCS. 3 AND h IN T. 21 N., R. 92 W., EASTERN RED DESKRT AREA, 
SWEKTWATER CTHKTY, WYOMING.
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated res&rves

Absent or less than 2.5'

IX.OOGJ/J 
2.5'- 5'

I- reserve block number 
(.004) uranium content in percent

STRIPPABLE COAL RESERVES

(-reserve block number

Ratio of overburden to cool 
10 to 1 , 60* maximum

Cool outcrop 
Dashed where inferred

A

Surface section

A 
Core hole

J

COAL RESERVES URANIUM RESERVES 
(Measured and indicated) (Inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons) (percent) (percent)(short tons)

I 152 4.5 1,211,000 0.005 61 33 0.015 61 

POTENTIALLY STRIPPABLE RESERVES (included in above) 

1 152 4.5 1,211,000 0.005 61 33 .015 61

FIGURE U7 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE 
MONUMENT NO. 2 BED IN T. 21 N. , R. 93 W. , EASTERN RED DESERT 
AREA., SWEETWATER COUNTY, WYOMING.
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T. 
21
N.

THICKNESS OF COAL 
Measured* and indicated reserves

Absent or less thoir 2.5'

5'- 10'

I-reserve block number 
(.003) uranium contentin percenf

STRIPPABLE COAL RESERVES

I-reserve block number

Ratio of overburden to coot 
10 to I, 60'moxlmum

. . ~0—— 
Fault

Cool outcrop 
Dashed .where inferred

Limit of strippobte coal

A 
Surface section

o 
Auger hole

' + ' 
Core note

COAL
(Measured

Block Area
no.

I
II

1
2

(acres)

3,492
46

Total

3,180
46

Total

RESERVES
and indicated)

Thickness Coal

1 URANIUM RESERVES .
(Inferred)

Uranium in coal
(feet) (short tons)

8.3 51,301
7.5 611

51,912

POTENTIALLY

8. 3 46, 717
7.5 611

47^328

,000
,000
,000

(percent )(short tons)

0.002
.001

• • -...
~~*- . '.

Ash Uranium in»ash
(percent) (percent)t0ho*t tcma)

Z3 O.WO \'-^
- 2* ..004 • , • 'f.^--— -

. • •''',. • ' ' V1 ?'"'".' • •• •.

STRIPPABLE dECESEICy^S (included in abmee^ . • ; -".'

, 000.
,000
,000

.002.

.flQl

;'.-' ' ir^w'. •:.
. 1— •'

': - ;

23 .,(a»-v", J ^;j^ -•'-.'
' ' ? f\ " fYfWt » *- ' ' • * . '

• '-' ••-. : ;/i-:-.-.- i

- ' w •./* * . «

"* ' A/} 1̂^"^

.'..;.;4J '.',•>*•; 
,i ."' ,iLj( v 'S
•v-^l^''.^
i'A;"vrit.* 
'-.«•*' / fr*Cal
4!g|
.•**,..' ! y •'•'/.'
-^ Iw*^

!• ••

. • ">
h" r.

^:f -
£•' .'•

*<•!»'•''.'

»,m- , 
..i,,-^^

i^»kl
' • 't-tV--' ;

^irti
'** -'f«L'f

^>*• v'S'4.. 
,'^T^?•'*«-"•
*^*-Sfe:

$$ ^^pl-'-iSS
ki^
;/!f|t
•t'il

3l; -
V*,**•• fr' •-

B.,T:i-h*'•;-;,•
; ? *Jf; •

l>-|-

«£«i
t^? '*'%-
-i i.-Vv"**W$^-
W$i'$$$••'1

w
FIGURE ittt, --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUMIN THE 

SOURDOUGH NO. 2 BED IN T, Zl N^R., 93 W. 
AREA, SWEETWATER COUNTY, WYOMING.
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EXPL AN ATI 0 N

THICKNESS OF COAL STRIPPABLE COAL RESERVES 
Measured and indicated reserves I- • i . '.1

2.5'-5'

I-reserve block number 
(.003) uranium content in percent

•(.00 3). | 

I-reserve block number

Ratio of overburden to coal 
10 to 1, 60* maximum

U __
D

Fault

Cool outcrop 
Dashed where inferred

— —2.5— — 
Coal isopach

Limit of stn'ppoble coal

A 
Surface section

o
Auger hole

Core hole

. J

COAL RESERVES 
(Measured and Indicated)

Block Area Thickness Coal Uranium in coal Asfi Ur."r.5 i *m 1r ->«•!•> 
no. (acres) (f^et) (short tons) (percent)(short tons} (tj^roent) (percfT.t.Ksho1** tci s)

257 2.9 1,319,000 0.003 LO ?1

POTENTIALLY STRIPPABLE RESERVES (included in above) 

1 178 ?.9 91*4,000 .003 27 21

0.01?

.012

FIGURE U9. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN T!tK LAHSEN NO. 2 
BED IN TS. 20, 21 N., R. 93 W., EASTERN RED DESERT ARKA, SWETWAT^K 
COUNTY, WYOMINGo
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

2.5- 5

I-reserve block number 
(.003)-uranium content in percent i

STRIPPABLE COAL RESERVES

l-reserve block number 
Ratio of overburden to coal 

10 to 1, 60" maximum 

U"""""D"""*
Fault

Coal outcrop 
\ Dashed where inferred

/ Limit of strippable cool

Surface section

Auger hole

Core hole

COAL REStRVhS 
(Measured and Indicated)

Block Area Thickness Coal
no

I
II

, (acres)

9,18?
1,369

Total

(feet)

3.5
2.9

Uranium

URANIUM RESKHVKS 
(Inf°rrpd^

in coal Ash Urani um in ash
(?hort tons) (percent) (short tons) (percent) (percent) (short tons)

,6, 913, 000
7,027,000

63,9UO,000

POTENTIALLY STRIPPAPLE

1
2
3

581i
6lOi
391

Total

3.3
lul
2.9

3,!»il,ooo
h,67li,000
2^007,000

10,092,000

0.003
.001

RESERVES

.OOU

.003

.001

1,707
——

1,707

(included

136
liiO
——2?'S

23
20

in above)

?6
??
20

0.01?
.005

.01^

.Olb

.005

1,707
_ —

1,707

136
ItlO

275

FIGURE 50. ~ MAP AND TABLE SHOWING RESERVES OF COAL ANT* "RA-'I.'M IN THE HAHSELL BEDS 
NOS. 3 AND It IN T. 21 N., R. 93 W., EASTERN RED DEolKT APEA, SVfeETWATER 
COUNTY, WYOMING.
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

2.5-5' 10' or more

I-reserve block number 
(.001) uranium content in percent

STRIPPABLE COAL RESERVES

I;(.96 I.)..

I-reserve block number

Ratio of overburden to coal 
10 to I, 60 maximum

.__U__. *— D 

Fault

Coal outcrop
Dotted whereconcealed 
Dashed where inferred 

— — 10'— — 
Coal isopach

Limit of strippable coal

Uranium isochem

Auger hole 

Core hole

I
II
III
IV
V
VI

2,806
8,996
1,032
1,070
1,101

h31

12.3
7.5
3.8
3.8
3.8
U.h

61,089,000
119,1(22,000

6,9U1,000
7,197,000
7,ii05,000
3,357,000

0.001
.001
.003
.002
.001
.001

COAL RESERVES 
(Measured and indicated)

UHANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (fe«t) (short tons) (percent)(short tons) (percent) (percent)(short tons)

208

Total 205,10.1,000 20$

POTENTIALLY STRIPPABLE RESERVES (included in above)

23 
2U 
27 
2), 
20 
20

77U

21?
12

Total

12.3 
6.9 
7.5
7.s 
3.3 
J..3 
'.3 
5.0

20,922,000 
9,U53,000 
rt,?0li,000 
k, 792,000 
2,172,000 

h03,000

.001 

.002 

.001 

.001 

.OOit 

.001 

.002 

.001

20

B7

"87

o.ooU 
.005
.011
.008
.005
.005

.001

.010

.005

.005

.010 

.oo5

FIG'JRE 51. — MAP AND TABLf"! SHOWING RESERVES OF CUM, AND 'IRAMI'JM IN THE HADSELL BEDS 
NOS. 1 AND 2 IN T. 21 N., R. 93 W., EASTERN RED DESEKT AREA, SWEETWATSR 
COUNTY, WYOMING.
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EXPLANATION
THICKNESS OF COAL

Measured and indicated reserves

2.5'- 5' 10' or more

I-reserve block number; 
(.003) uranium content in percent

Fault
— —10'— — 

Coal isopach

Block
no.

I
II
III
IV
V
VI
VII
VIII

COAL RESERVES 
(measured and indicated)

Area Thickness Coal
( acres )

3,119
716
77

23h
617
139
9Ufi
52U

Total

(feet)

20.1
7.5
3.3

16.5
7.5
1.8
7.5
3.3

(short tons)

110,965,000
9,505,000

518,000
6,83h,000
8,191,000
935,000

I2,585,ooo
3,52U,ooo

153,057,000

URANI'fM H'-'T.HP.Vh 
( Inferred )

Uranium in coal Ash
(percent) (short tons)

0.003
.003
.003
.001
.002
.002
.001
.001

3,329
285
16

- —
—
...

3,^30

(percent)

26
26
26
20
20
20
16
18

Uranium in ash
(percent K short tons)

0.010
.010
.010
.005
.010
.010
.005
.005

...
—

—
-.«
.....
— .
—

FIGURE 52. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THtL CH^S'i-QN BEDS 
NOS. 2 AND 3 IN T. 21 N., R. 93 W., EASTERN RED DESKRT AREA, SWEETWATER 
COUNTY, WYOMING.



EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

10' or more

I-reserve block number 
(.003) uranium content in percent 

0
U

fault-

Coal isopach

Limit of strippoble cool

> 
Core hole

|_.

COAL RESERVES 
(Measured and indicated)

Block Area Thickness Coal 
no, (acres) (feet) (short tons)

I U,083 1U.7 106,236,000 
II 1,891 9,U 31.U62.000

Total 137,698,000

URANIUM RESERVES 
(Inferred)

Uranium in coal Ash Uranium in ash 
( percent )(shori< tons) (percent) (percent) (short tons)

0.001 —— 23 0.005 -~- 
.001 *~ 23 .005

FIGURE 53. — MAP AND TABLE SHOWING RESERVES OF CQftL AND URANI'fM IN THE LATHAM NO. It 
BED IN T. 21 N., R. 93 W,, EASTERN RED DESERT AREA, SWESTWATER COUNftj 
WTOMING.
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EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

Absent or less thon 2.5'

10'or more

I-reserve block number 
(.003) uronium content in percent

STRIPPABLE COAL RESERVES

I-reserve block number

Ratio of overburden to coal 
10 to I, 60' maximum

Coal outcrop 
Dashed where inferred

Limit of strippable coal

Surface section

o 
Auger hole

Core hole

COAL 
(Measured

RESERVES 
and indicated)

Block Area Thickness Coal 
no. (acres) (feet) (short tons)

I
II

66 
1,858 

Total

12.3 1,U37,000 
7.3 2U, 007, 000

25,lU4i,000

URANIUM REStttVES 
(inferred)

Uranium in coal 
(percent) (short tons)

0.002 
.001

Ash 
(percent)

18
19

Uranium in ash 
(percent) (short tons)

0.009 
0.007

POTENTIALLY STRIPPABLE RESERVES (included in above)

1 
2

66 
1,779 

Total

12.3 1,1*37,000 
7.3 22,986,000

2U,U23,000

.002 

.001
18 
19

.009 

.007

FIGURE 5U. — MAP AND TABLE SHOWING RESERVES OF'OOAL AND URANIUM IN THE SOUGDOUGH 
NO. 2 BED IN T. 21 N., R. 9k W., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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r
R.94 W,

EXPL. AMATIO

THICKNESS OF COAL 
Measured and indicated reserves

r less than 2.5'

2.5'- 5'

l-'sserve block number 
(.001 ) uranium cor.tent in percent

STRIPPABLE COAL RESERVES

'.( OO.z'lJ

l-reserve block number 
Ratio of overburden to coal 

10 to I, 60' maximum

Coal outcrop 
Dashed where inferred

Com iso^och

Limit of strippoole cool

o 
Auger ho!o

Core hols

COAL RESERVES 
(Measured and indicated)

URANIUM . ,V»iI U / ». 
(Infc-rr ••)

Block Area Thickness Coal Uranium in coal A:-h Uranium in as.i 
no. (acres) (feet) (short tons) (percent)(short tons) ( j -• r r e ,it ) (percent){short tons)

1 
II

1 
2

2,906 3.3 16,974,000 0.003 
332 2.3 1,645,000 .001

Total 18,619,000

POTENTIALLY STRIPPABLE

124 3.3 724,000 .003 
58 2.8 287,000 .001

Total 1,011,000

509 27 0.011 
30 .004 

509

RESERVES (included jn above)

22 27 .011 
30 .004

22

FIGURE 55. --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IK THE 
HADSELL NO, 4 BED IN T. 21 N. , R. 94 W. , EASTERN RED DESERT 
AREA, SWEETWATER COUNTY, WYOMING.
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R. 94 W.

EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

5' - 10'

l-reserve block number 
(<.001 ) uranium content in percent

STRIPPABLE COAL RESERVES

(-reserve block number

Ratio of overburden to coal 
10 to 1, 60' maximum

— - 3' __ 
Coa I isopach

Limit of strippoble coal

o 
Auger hole

Core hole

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons) (percent^ (percent)(short tons)

435 
2,308 

Total

5.3 
3.8

4,081,000
15,524,000
19,605,000

0.001
.001

23
23

0.005
.005

POTENTIALLY STRIPPABLE RESERVES (included in above)

1 14
2 163 

Total

5.0 
4.3

124,000
1,241,000
1,365,000

.001

.001
23
23

.005

.005

FIGURE 56 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN
HADSELL BEDS NOS. 1 AND 2 IN T. 21 N. , R. 94 W. , EASTERN RED 
DESERT AREA, SWEETWATER COUNTY, WYOMING.
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R.92 W.

EXPLANATION 
THICKNESS OF COAL 

Measured and indicated reserves

2.5'-5'

lO'or more

I-reserve block number 
{.003) uranium content in percent

STRIPPABLE COAL RESERVES

3-reserve block number

Ratio of overburden to coal 
10 to 1 , 60 maximum

Fault

Coal outcrop 
Dashed where inferred 

Dotted where concealed
— — 10' — — 
Coal isopach

Limit of strip pable coal

Uranium isachem

Surface section

Auger hole 

Core hole

COAL RESERVES 
(Measured and indicated)

Block Area Thickness Coal
no.

I
II
III
IV
V
VI

(acres)

157
179
Uio

1,910
353
167

Total

(feet)

15.0
7.5
3.8

25.0
7.5
3.3

URANIUM RESERVES 
( Inferred)

Uranium in coal Ash Uranium in ash
(short tons) (percent) (short tons) (percent) (percent) (short tons)

U,168,000
2,376,000

9U2,000
8U,5i8,ooo
U, 68 6, 000
1,123,000
97,513,000

POTENTIALLY STRIPPABLE RESERVES

1
2
3

830
281
157

Total

25.0
7.5
3.8

36,728,000
3,730,000
1,056,000

Ul,51i*,000

0.003 125
.003 71
.003 28
.001
.002
.002 22ir
(included in above)

.001

.002

.002

29
29
29
20
28
33

20
28
33

0.012
.012
.012
.005
.007
.007

.005

.007

.007

1
FIGURE 5?. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE CRESTON BEDS

NOS. 2 AND 3 IN T. 20 N., R. 92 W., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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EXPLANATION
THiCK'MESS OF COAL 

Measured and indicated reserves

Absent or less than 2.5'

10'or more

I-reserwe Dloch number 
(00 1) uranium content in percent

STRIPPABLE COAL RESERVES

l_

3-reserve block number
Ratio of overburden to coal 

10 to I, 60' maximum 
___ __ o 

Fault °

Goal outcrop 
Dashed where inferred

— — 10' — — 
Coal isopach

Limit of strippable coal
A

Surface section
o 

Auger hole

Core hole

Block Area 'nirjicr.es •: Ceil Uranium in coa) -'..s'i Uranium in ash 
no. (acres,) (feet) (short tons) (percent)(short tons) (permit) ^percent) (short tons)

I
II
III

590 10." r,3b3,000 0.001 —— ?'
1,70'' 7. c 2?, 591*, 000 .001 —— V
1,208 3.^ 8,125,000 .001 —— 2 (

Total COb.'iOOO

r-TTENTTALLY STRIt'PABLE RESERVES (included in above)

12 C

6,H30,000

*9»//!oOO 
13,770,000

.001

.001

.001

0.00$
.001
.005

FIGURE 58. — MAP AND TABLE SHOWING RESERVES OF GOAL AND URANIUM IK L4THAM BEDS 
NOS. 3 AND U IN T. 20 N., R. 92 ¥., ?HSTEHM PER DS^tSRT AREA, 
SWEETWATER COUNTY, WYOMING.
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R.93 W.
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1

001) •**

1

mM
«<&£

(.002)

1

^»
\£lS Measures 

Abs

I- 

(.001)

STRIP

1-

Rotic 
10

Das

1

EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

Absent or less than 2.5'

5'- 10'

I-reserve block number 
(.001) uranium content in percent

STRIPPABLE COAL RESERVES

I-reserve block number

Ratio of overburden to coal 
10 to 1, 60 maximum

Coa' outcrop 
Dashed where inferred

Cool isopoch

Surface section

o 

Auger hole

> 
Core hole

_J

COAL RESERVES
(Measured and indicated)

Block Area
no.

I
II

(acres)

223
136

Total

Thickness
(feet)

5
4.

7
5

Coal
(short tons)

2
1
3

,250,
,083,
,333,

000
000
000

URANIUM RESERVES
(Inferred)

Uranium in coal
(percent)(short ton

0.001
.002

POTENTIALLY STRIPPABLE RESERVES

1
2

223
136

Total

5
4.

7
5

2
1
3

,250,
,083,
,333,

000
000
000

.001

.002

Ash
s) (percent)

17
14

(included in

17
14

Uranium in ash
(per cent )( short

0.009
.013

above)

. 00<)

.013

tons)

_
-

_
-

FIGURE 59. --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE 
SOURDOUGH NO. 2 BED IN T. 20 N. , R. 93 W. , EASTERN RED DESERT 
AREA, SWEETWATER COUNTY, WYOMING.



THICKNE23 O c COAL STRIPPABLE COAL RESERVES 
Measured and indicated reserves \• • , . • .1

I: (.Q o.D.I 
l-reserve biocK number

Rotio of overburden to coal 
Absent or less nan 2.5' |Qto I, 60' maximum

i-,-.^-, - -—.

Fault

Coal outcrop 
Dashed where inferred

— —2.5— — 
Coal isopach

2 b- 5'

I-resen'e bloc.f number 
(.001 ) uranium consent m percent

Limit of strippable coal

Auger hole
-> 

Core hole

_i

CG.-vT
(Mt>asui

Block Area
no

I
II

(acres)

1,472
322

Total

r FSF, ..\ ^S
1 a-- u.i.-ated)

i'hic .,r., b ? Coal
(fe-tt) (short tons)

2.9 7,556,000
3.0 1,710,000

9,26o,000

URANIUM RESERVES

Uranium in coal

Infer rr M

As}.
(percent)(short tons) (pt-rctr.i)

0.001
.001

POTENTIALLY STRIPPABLE RESERVES

1
2

867
322

Total

2. 9 i, i50, 000
3 0 1.710,000

6 160,000

.001

.001

27
27

(included in

27
27

Uranium in ash
(pt-rcont)(short tons)

0.005
.005

above)

.005

.005

FIGURE 60. --M \P ANO TABLE SHOWING RESERVES OF COAL AND URANIUM IN
H \DSELL BEDS NOS. 3 AND 4 IN T. 20 N. , R. 93 W. , EASTERN RED 
DESERT \REA, SWEETWATER COUNTY, WYOMING.
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R.93W.

THICKNESS OF COAL STRIPPABLE COAL RESERVES 
Measured and indicated reserves i. • [ . -i

l-reserve block number

Ratio of overburden to coal 
10 to I, 60'maximum

Fault

Coal outcrop 
Dashed where inferred

5' - 10'

Coal isopach

l-reserve block number — — — — — 
(.00 I ) uranium content in percent Limit ofstrippable coal

Auger hole

Core hole

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons) (percent) (percent)(short tons)

163
2,659

Total

5.0 
3.2

1,443,000 0.001
15,061,000 .001

27
27

0.005
.004

16,504,000

POTENTIALLY STRIPPABLE RESERVES (included in above)

575 2.8 2,850,000 .001 --- 27 .004

FIGURE 61 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN
HADSELL BEDS NOS. 1 AND 2 IN T. 20 N. , R. 93 W. , EASTERN RED 
DESERT AREA, SWEETWATER COUNTY, WYOMING.
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R.93 W.

THICKNESS OF COAL 
Measured and indicated reserves

than 2.5'

EXPLANATION 
STRIPPABLE COAL RESERVES

-I

I-reserve block number
Coal isopach

Ratio of overburden to coal Limit of strippable coal

L.

I-reserve block number 
(.001) uranium content in percent

10 to I, 60* maximum
u•—D"- 

Fault

Coal outcrop 
Dashed where inferred

Surface section
o 

Auger hole

+ 
Core hole

GOAL rtF,:;- rfVFS 
(Measured and irdicated')

Flock Area Tj •<.:>• t *».•«.• Co,-,.; 
no. (acres) (•''<••, ishcrt tons)

I 
II

1 
2

5,907 17.1' lci!,9'>L,L'U.< 
399 7.5 3.:!V..Jf-'0 

Total 18 7, 2?} ,000

POTENTIAL]* SFRIPFAPLh F

1,932 17.b 59,502,000 
26 7.5 .5J:5» 000 

59, 81*7", 000

IJRAKIUM KESf RVES 
(Inferred)

Ur-iriiun in coal Ash 
(pornert H' '^hrrt tcris) ip-'"ccT t)

0.001 —— 18 
.001 —— 16

tESnlArS (included in above)

.001 —— 18 

.001 —— 16

l'ranii:n in ash 
(:v>rcer:t )(;... u?-t lri,£,)

o.oo5 
.005

.005

.005

FIGUPE 62. — MAP A f lD TABLE SffOWTNG RESERTOS OF COkl AFD UP^NIUM IN CP.ESTPh BFDS
NOS. 2 A.NTI 3 IN T. 20 N., R. 93 W., EA5TERM RED DESERT AREA, SV/EETWATJ-^ 
CrtlKTY, WYOMlAO.
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R.93 W. R.92 W.

T. 
20
N.

_ ,

tYA
V

tT-T"

X

—————— -

————— -

L

2» *
^%v
/^™\\

'$$$ŵ
~ \>

«

- ——————

- —————

- —————

L

/X\ A
™~ ~~ •%

1 ,

EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

Absent or less than 2.5'

//I//
/.posy
2.5'- 5'

I- reserve block number 
(.002) uranium content in percent

STRIPPABLE COAL RESERVES

.'• • ' • '.

1 -reserve block number

Ratio of overburden to coal-
10 to 1 , 60 maximum

Dashed where inferred

— —2.5— —

Coal isopach

Limit of strippable coal

Core hole

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons) (percent) (percent)(short tons)

I 544 3.4 3,274,000 0.001 —— 21 0.003

POTENTIALLY STRIPPABLE RESERVES (included in above) 

1 257 3.4 1,547,000 .001 --- 21 .003

FIGURE 63 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE 
LATHAM NO. 5 BED IN T. 20 N. , R3. 92, 93 W. , EASTERN RED DESERT 
AREA, SWEETWATER COUNTY, WYOMING.
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R.93 W.

THICKNESS OF COAL 
Measured and indicated reserves

10'or more
I-reserve block number 

j(<.OOI ) uranium content in percent

EXPLANATION 

STRIPPABLE COAL RESERVES

3-reserve block number
Ratio of overburden to cool 

10 to I, 60' maximum
^_U - _

Fault

Coal outcrop 
Dashed where inferred

— —10'— — 
Coal isopoch

Limit of strippoble coal 

Limit of indicated coal

A
Surface section

o 
Auger hole

Core hole

COAL RESERVES URANIUM RESERVES 
(Measured and indicated) (Inferred)

Block Area Thickness Coal Uranium in coal Ash Uraniair in ash 
no. (acres) (feet) (short tons) (percent) (short tons) (percent) ( percent )(short t,;-ns)

I
II
III

2,6l|6 12.7
1,755 10.9
h,h95 9.2

59,1*79,000
33,859,000
73,197,000

166,535,000

0.001
.001
.001

POTENTIALLY STRIPPABLE RESERVES (included

1
2

203 10.9
U5U 9.2

3,916,000
7,393,000

11,309,000

.001

.001

2h
27
21

in above)

27
21

O.OOli
.005
.001

.005

.001

FIGURE 6k. — MAP AND TABLE SHOWING RESERVES OF COAL AMD IJ3ANIUM IN THE LATffAM BEDS
NOS. 3 AND U IN T. 20 N., R. 93 W., EASTERN RED JJESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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R.94

EXPLANATION 

STRIPPABLE COAL RESERVES

'/VV -T.rz^ 2"0

Absent or less thon 2.5' iQto I, 60' maximum

V~-a77\ u
M.03I)' J "*"" IT"

2. <5'-5' Fault

l-reserve block number Lirnjt of st rippable coal 
Ratio of overburden to coal

IE-reserve block number Coal outcrop
(.00l)-uranium cpntent in percent Dashed where inferred

Surface section

Auger hole

Core hole

COAL
(Measured

RESERVES
and indicated)

Block Area Thickm-
no

I
II
in

(acres)

2,684
334
669

Total

(feet)

3.2
2.5
2.9

;;s Coal
(short

15,202
1,478
3,434

20* 114

URANIUM RESERVES
(Inferred)

Uranium in coal Ash
tons)

,000
,000
,000
,000

(percent)(short tons) (percent]

0.001
.001
.001

POTENTIALLY STRIPPABLE

\
2
3

1,540
189
154

Total

3.2
2.5
2.9

8,723
836
790

,000
,000
,000

.001

.001

.001

29
29
29

RESERVES (included in

29
29
29

Uranium in ash
(percent)(short tons)

O.OQ5
.005
.005

above)

.005
,005
.005

___
...
...

...
——
___

10,349,000

FIGURE 65 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN 
HADSELL BEDS NOS. 3 AND 4 IN T. 20 N. , R. 94 W. , EASTERN RED 
DESERT AREA, SWEETWATER COUNTY, WYOMING.
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R.94 W.

EXPLANATION

THICKNESS OF COAL 
\Measured and indicated reserves

l-reserve block number 
(.001) uranium content in percent]

STRIPPABLE COAL RESERVES
'u'.o'po 

l-reserve block number

Ratio of overburden to coal 
10 to I, 60'maximum

Cool outcrop 
Dashed where inferred

— — 2.5'— —

Coal isopach

Limit of strippable coal

Auger hole

Core hole

J

COAL RESERVES 
(Measured and indicated)

URANIUM RESERVES 
(Inferred)

Block Area Thickness Coal Uraniom in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent) (short tons) (percent) (per cent) (short torn)

I 
II

1 
2 
3

20 
U,08l 

Total

27 
U10 
625 

Total

5.0 177,000 0.001 
3.1 22,392,000 .001 

22,569,000

POTENTIALLY STRIPPABLE RESSHVES

2.5 119,000 .001
3.1 2,250,000 .001 
3.1 3,h?9,OOQ .001 

5,798,006

27 0.005 
27 .OOU

(included in above)

27 .OOlj 
27 • .OOh 
27 .OOh

FIGURE 66. — MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE HADSELL BEDS 
NOS. 1 AND 2 IN T. 20 N., R. 9k W., EASTERN RED DESERT AREA, SWEETWATER 
COUNTY, WYOMING.
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R.94 W.

EXPLANATION
THICKNESS OF COAL

Measured and indicated reserves

10'or more

I-reserve block number 
(<.OOI) uranium content in percent

STRIPPABLE COAL RESERVES

l-reserwe blocK number

Ratio of overburden to coal 
10 to 1, 60' maximum

— —10'— — 

Coal isopoch

Limit of sfrippable coal

A 
Core hole

_I

COAL RESERVES 
(Measured and indicated)

Block Area Thickness Coal 
no. (acres) (feet) (short tons)

I
II
III

20
586
759

Total

10
6
3

0
3
8

354
6,534
5,105

11,993

POTENTIALLY

1
2

43
32

Total

6
3

0
8

457
215
672

,000
,000
,000
,000

URANIUM RESERVES 
(Inferred)

Uranium in coal Ash Uranium in ash 
(percent)(short tons) (percent) (percent)(short tons)

0.001
.001
.001

STRIPPABLE RESERVES

,000
,000
,000

.001

.001

15
16
18

(included

16
18

0.005
.005
.005

in above)

.005

.005

FIGURE 67 . --MAP AND TABLE SHOWING RESERVES OF COAL AND URANIUM IN THE 
CRESTON BEDS NOS. 2 AND 3 IN T. 20 N. , R. 94 W. , EASTERN RED 
DZSERT AREA, SWEETWATER COUNTY, WYOMING.
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R.94 W.

EXPLANATION

THICKNESS OF COAL 
Measured and indicated reserves

I0' or more

I-reserve block number 
( <.00l) uranium content in percent

Limit of indicated coal

Core hole

_1

COAL RESERVES 
(Measured and indicated)

URANIUM RF.3LH>f ES 
(Inferred)

Block Area Thickness Goal Uranium in coal Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent)(short tons.) (percent) (percent)(short tons)

15.3 121,892,000 0.001 0.003

FIGURE 68. ~ MAP AND TABLE SHOWING RESERVES OF GOAL AN1) URANIUK IN LATHAM BEDS 
NOS. 3 AND k IN T. 20 N., R. 9h W., EASTERN RED DESERT AREA, 
SWEETWATER COUNTY, WOMING.
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EXPLANATION

THICKNESS OF CARBONACEOUS SHALE 
Measured ana indicated reserves

5-10

H-reserve block number 
(.012) uranium content in percent

STRIPPABLE CARBONACEOUS 
SHALE RESERVES

2-reserve block number

Ratio of overburden to shale 
IO to I, 60' maximum

Carbonaceous shale outcrop . 
Dashed where inferred 

Dotted where concealed
——' —"~~ 5 ~~~ 

Carbonaceous shale isopach

Surface section
o 

Auger hale

4- 
Core hole

J

CARBONACEOUS SHALE RESERVES 
(Measured and indicated)

Block Area 
no. (acres)

I 
II

56 
291 

Total

Thickness 
(feet)

6.3
U.o

URANIUM RESKHVES 
(Inferred)

Garb. shale Uranium in carb»shale Asn 
(short tons) (percent)(short tons) (percent)

953,000 0 
3,lh3^000

POTENTIALLY STRIPPABLE RESERVES

1 
2

56 
291

6.3 
IuO

953,000 
3,1U3,000
U, 090,600

.008 76 72 
,012 377 72

(included in above)

.008 76 72 

.012 377 72
551

Uranium in ash 
(parcsnt )f sf.urt tons)

0.011 
.017 377 

377

.011 

.017 3J7 
377

FIGURE 69. ~ MAP AND TABLE SHOWING RESERVES OF CARBONACEOUS SHM.K A"® U3ANIUM IN 
THE >WNUMENT NO. 2 BED IN T. 21 N., R. 92 W., L.'.ST • ••! •'r.) UF.'.IKT 
AREA, SWEETWATER COUNTY, WYOMING.
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•; \'-"

EXPLANATION : , 
THICKNESS OF CARBONACEOUS

SHALE 
Measured and indicated reserves

Absent or less thon 2.5*

5' - 10' 

-reserve block number
(.008) uranium content in percent

STRIPPABLE CARBONACEOUS 
SHALE RESERVES

l-reserve block number

Ratio of overburden to shale 
10 to I, 60' maximum

u

Carbonaceous shole outcrop 
Dashed where inferred 
Dotted where concealed

Carbonaceous shale isopach

Limit of strippoble carbonaceous shole

Surface section 
o

Auger hole. V -' 

Cere, hole

R. 92 W.

CARBONACEOUS SHALE RESERVES . ' ' URANIUM RESERVES 
(Measured and indicated) (IiUerrerl') •

Block Area Thickness Garb. shale Uranium in carb'.shale Ash Uranium in ash 
no. (acres) (feet) (short tons) (percent) (short tons) (percent) (percent.) ( short tons)

I 182 6.5 3,19ii,000 0.003 5>6 59 0.005 .
II
III
IV

311
2,537
1,316

Total

3.8
6.8
3.8

POTENTIALLY

1
2

1,28U
302

7.3
3.8

3,222,000
U6, 579, 000
13,502,000
66,U97,000

STRIPPABLE RESERVES

25,308,000
3,099,000

28,1*07,000

.003 97 55 .006

.008 3,726 66 .012

.poit 5|o , 55 • .008 ••;-; . —
H7SF9 :^-;.

(included in above)

.009 2,278 70 .013 .

.001; 12U ' 55 .008
27E02

FIGURE 70. — MAP AND TABLE SHOWING RESERVES OF CARBONACEOUS SHALE AND URANIUM IN . 
THE CRESTON NO. 3 BED IN TPS.20, 21 N., R. 92 W., EASTERN RED DESKRT 
AREA, SWEETWATER COUNTY, WYOMING. '"•'•
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APPENDIX A

LIST OF MAP LOCALITIES, FIELD AND LABORATORY NUMBERS OF 

SAMPLES ANALYZED FOR URANIUM FROM THE EASTERN RED DESERT 

AREA, SWEETWATER COUNTY, WYOMING.



ISO

Core hole 
number

10
11
12
13
14
IS
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40

41
42
43

44
45
46
47
48
49

Laboratory sample numbers

101662-746
101557-661
113589-605, 113535-538,
113539-579, 132672
113611-684
113685-758, 132673
114153-168, 137569

113606*610

114387-415, 137584, 137596, 137608, 137617,
113980-990
113759-817, 114022-042,
113991-4021
114043-049
114937-944
132679, 113915-979
114945-963
114659-660, 114657-681,
114864-885
114851-862
114964-987, 132680
132681, 114886-936
114988-5003
114799-812
114813-828, 132682-683

132674-678

114588-597

115289, 115292, 114829-a37, 137639, 137647,
137656

- 115283-288
114838-841, 115835-860,
114842-850, 132684
114682-734
114735-775
114776-798, 132685
116028-063, 132686-690
115696-700, 116064-074,
137797, 137805, 137815,
116100-152
116153-191, 132691-693
116537-540, 116192-211,

137869, 137875, 137883,
116075-099
116218-284, 132694-695
116621-638, 116187-190
116643-717, 132696-697
116718-761
116215-217, 116762-769,
137911, 137915, 137924,

137665

137674, 137781, 137789,
137825

137847, 137854, 137861,
137890, 137898

117671-727, 137906,
137929, 137936, 137943,
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Co-re -kele 
number___________Laboratory sample numbers_______________

50 11&885-895, 116928-929, 116212-214
51 114770-840, 132698
52 116555-547
53 117105-106, 120309-327, 137969, 137977, 137984
54 116568-620, 117082-104, 132699-700
55 116981-7081, 132701-702
56 112930-980
57 118896-921
58 117782-796, 120525-528
59 118922-9040, 132703-709
60 119041-090, 132710-714
61 117797-836
62 117837-889, 132715-724
63 122272-280, 120222-246, 137988, 137998, 138007,

	138013*, 138027, 138039
64 138046, 138056, 138067, 138074, 138085, 138096,

	138106, 138116, 122281-291, 120596-603
65 120247-308
66 129049-050, 124501-502, 121965-2055, 124499-502
67 132725, 120604-670
68 124503-506, 120842-855
69 120856-910
70 124507-512, 123888-898, 123579-581, 138121,

	138127
7.1 138131, 138135, 123899-908, 123773-808

• 72 123721-769



Map
locality
(surface
section
or auger

hole)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Field
numbe r

S-36
S-40
RW 5
RW 18
S-2
S-6
RW 58
RW 57
RW 56
S~31
S-15
RW 1005
RW 20
RW 1004
S-8
RW 19
S-9
S-ll
RW 3,54
RW 59
RW 55
RW 6

182

Lab oratory
sample

numbers

--(not sampled)
--
63188-90
63206-08
..=
_-
..
_.
65049
-„
..
__
63212-13
95573-83
__
63209-11
-.
-»
63176-79, 63806-11
65050-57
63812-15
63191

RW627,H52 --
S-13
RW 15
S-122
RW 16
RW 1093
RW 1183
RW 1181
RW 1185
RW 1184
RW 1082
RW 1081
S-42
RW 322,323
S-16
S-43
RW 13
RW 1080
RW 76,77
RW 4

__
63201-02
--
63203
99811-16
102050-056
102042-049
..
102057-061
__,
99798-810
--
67353-56
-.
.-
63195-98
99792-97
64986-89, 67990-96
63180-87

Map
locality
(surface
section
or auger

hole)

43
44
45
46
47
48
49
50
51
52
5354'

55
56
57
58

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

Field
number

RW 37
S-48
RW 14
RW 17
S-17
RW 53
RW 1097
RW 60
RW 1098
RW 75
RW 38
RW 319
RW 320
RW 1078
RW 1090
RW 2,47

S-46
RW 1086
RW 88
RW 321
RW 22
RW 1084
RW 23
RW 32
S-20
RW 35
S-26
RW 35
RW 36
S-25
RW 1180
S-22
RW 79
S-21
S-64
S-63
RW 340
RW 1100
RW 1099
RW 49
RW 1102

Laboratory
sample

numbers

63240-41
__
63199-200
63204-05
_ _
63802-05
_*
65058-59
--(not sampled)
64984-85
63242-43
67302-09
67310-11
99789-91
_ _
63173-75,
63787-91
_ =,

V

66794-800
67312-19
63214-16
_ _
63217-21
63234-37
_ _

- _
_ «.

_ _
102031-41
_ _
64999
_ _ _
_ _
_ =
68007-10
- - ,
_ -
63793
-.



Map
locality
(surface
section
or auger
hole)

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104"

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

Field
number

RW 39
RW 1007
RW 1101
RW 1091
RW 1092
RW 315
RW 316
RW 25
S-85
RW 78
RW 26
S-50
RW 1008
RW 1011
RW 1009
RW 1010
RW 1013
S-55
RW 1017
S-51
RW 1015
RW 1014
RW 1043
RW 1021
RW 1020
RW 1022
RW 1024
RW 1013
RW 92
RW 1025
RW 65
RW 65
RW 1027
RW 97
RW 343
RW 343
RW 89
S-130
S-132
RW 1036
S-71
RW 342

Map

Laboratory
sample

numbers

63774-77
95584-88
101394-95
--

67295-301

63222

64997-98
63223-25

95589-93
91079-84
95594-99
95600-02
91091-94
--(not sampled)
91106-10
«-
91100-02
91095-99
_=,
91117-20
91111-16
91121-22
91128-30
91091-94
66810-13
91131-44
65060-66

91148-54
66814,66818-22
--
_..
66801-02
- -

68011-12

locality
(surface
section
or auger
hole)

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

155
156
157
158
159
160
161
162
163
164
165
166

Field
number

RW 337
S-93
S-56
S-84
RW 52
S-83
S-77
S-78
S-92
RW 1030
RW 1046
S-58
RW 1047
S-79
S-59
RW 1048
RW 1042
S-57
RW 1032
S-82
RW 1039
S-146
RW 1038
S-136
RW 336
S-122
RW 1065
RW 1065
RW 30,335

RW 31
S-100
RW 85
S-98
S-95
RW 308
S-123
S-106
S-125
S-124
S-102
RW 301

Laboratory
sample
numbers

67998-8003
--
_.
--
63797-801
--
--
--
--
91158-62
--
_ =
92003-07
--
--
92008-11
91999-2002
--
91164-70
--
91180
--
91178-79
--
67990-97
--(not sampled)
92025-29

«*

63227-29,
67987-89
63230-33
--
66790-91
-.
--
67290
--
--

--
--
--



Map
locality
f surf ace
section
or auger

hole)

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

Field
numbe r

RW 302
S-126
S-121
RW 1133
RW 1129
RW 1125
RW 1123
RW 1124
RW 1151
RW 1127
S-107
S-128
S-85
S-108
RW 93
RW 30
S-87
S-88
S-89
S-90
RW 334
S-112
RW 304
S-120
S-lll
RW 98
RW 300
RW 1134
S-115
RW 1064
S-116
RW 333
RW 332
RW 331
S-114
•S-171
RW 46
S-172
S-137
S-143

AO*X

Laboratory
sample

numbers

_ =
--
-.
_~
» _
,.
101958-66
101967-68
121935-64
-.-

.-
-.
__
66815
63227-29
_ «,
- _'

- ~
_,=

Map
locality
(surface
section
or auger

hole)

207
208
209
210
211
212
213
214
215
216
217
218
219
220

67386-96
...
67285-87
--

67266-74
'67397

-«.
92022-24
_«,
67377-85
67375-76
67373-74
--(not sampled)
_„,
63785-86
_ =,
_ _
_ -

Laboratory
Field sample

numbe r number s

S-152
RW 330 67365-72
RW 1161 120804-41
S-16*9
S-163
S-164
S-165
S-167
S-168
S-144
S-145
S-159
S-158
S-161
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APPENDIX B

SEMIQUANTITATIVE SPECTROGRAPHIC ANALYSES

(refer to pages 101, 102 for standard sensitivities)
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